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: HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE * %
%* % HELP MODEL VERSION 3.01 (14 OCTOBER 1994) *
* % DEVELOPED BY ENVIRONMENTAL LABORATORY **k
* % USAE WATERWAYS EXPERIMENT STATION % %
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * %
* % * %
* % * %
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PRECIPITATION DATA FILE: c:\SKNR-P.D4
TEMPERATURE DATA FILE: c:\SKNR-T.D7
SOLAR RADIATION DATA FILE: c:\SKNR-S.D13
EVAPOTRANSPIRATION DATA: c:\SKNR-E.D11
IL AND DESIGN DATA FILE: c:\SNRSOIL1.D10

OUTPUT DATA FILE: c:\EQUIV2.OUT
TIME: 18:24 DATE: 2/15/1996
Beyi o

D e
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TITLE: Skinner Landfill Help Model Analysis - Ra=«line wofi(e

Rexi> < (u/2ﬂ"cja \aﬂgw
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

30.00 INCHES
0.4710 VOL/VOL
0.3420 VOL/VOL
0.2100 VOL/VOL

INITIAL SOIL WATER CONTENT 0.3697 VOL/VOL

EFFECTIVE SAT. HYD. COND. 0.419999997000E-04 CM/SEC
NOTE: SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY 4.96

FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

THICKNESS
POROSITY

FIELD CAPACITY
WILTING POINT



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

0.25 INCHES

0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL
0.0114 VOL/VOL

10.0000000000

5.00  PERCENT

300.0 FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

3

0.04 INCHES

0.0000 VOL/VOL
0.0000 VOL/VOL
0.0000 VOL/VOL

0.0000 VOL/VOL"
0.399999993000E-12 CM/SEC

CM/SEC

1.00 HOLES/ACRE
3.00 HOLES/ACRE

- GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 16

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

| T [

24.00 INCHES
0.4270 VOL/VOL
0.4180 VOL/VOL
0.3670 VOL/VOL
0.4270 VOL/VOL

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

0.25 INCHES

0.8500 VOL/VOL
0.0100 VOL/VOL
0.0050 VOL/VOL

0.100000001000E-06 CM/SEC



INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE:

0.0050 VOL/VOL
10.0000000000 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT

SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FAIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 300. FEET

SCS RUNOFF CURVE NUMBER 88.00

FRACTION OF AREA ALLOWING RUNOFF 100.0. PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 10.500 ACRES
EVAPORATIVE ZONE DEPTH 21.0 INCHES

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

NOTE:

NOTE:

NOTE:

JAN/JUL

| 1 | | 1 | O | O 1 B 1

7.760 INCHES
9.891 INCHES
4.410 INCHES

0.

000 INCHES

21.342 INCHES

21,

342 INCHES

0.00 INCHES/YEAR

EVAPOTRANSPIRATION AND WEATHER DATA

CINCINNATI OHIO

MAXIMUM LEAF AREA INDEX

START O
END OF
AVERAGE
AVERAGE
AVERAGE
AVERAGE
AVERAGE

PRECIPITATION DATA FOR

F GROWING SEASON (JULIAN DATE)
GROWING SEASON (JULIAN DATE)
ANNUAL WIND SPEED
1ST QUARTER RELATIVE HUMIDITY
2ND QUARTER RELATIVE HUMIDITY
3RD QUARTER RELATIVE HUMIDITY
4ATH QUARTER RELATIVE HUMIDITY

CINCINNATI

EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

4.20
104
295

9.10

70.00
67.00
73.00
72.00

o\°o\°o\°o\°§

OHIO

WAS ENTERED FROM THE DEFAULT DATA FILE.

Cco

EFFICIENTS FOR CINCINNATI

TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING

OHIO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

FEB

/AUG MAR/SEP APR/OCT

MAY /NOV JUN/DEC

—— s - — -—— o ——



76.00 75.00 68.00 57.00 45.00 35.00
™ NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHTO
STATION LATITUDE = 39.10 DEGREES
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AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

PRECIPITATION
------------- e’
TOTALS 3.33 1.59 3.86 3.11 3.36 4.79
3.54 4.80 2.89 3.33 2.69 3.36
STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24
2.04 1.04 2.17 1.37 1.35 1.99
RUNOFF
TOTALS 0.000 0.000 3.537 0.155 0.101 0.37%
0.262 0.476 0.225 0.245 0.037 0.298
STD. DEVIATIONS 0.000 0.000 1.765 0.148 0.121 0.378
0.349 0.266 0.373 0.284 0.068 0.450
EVAPOTRANSPIRATION
TOTALS ' 0.931 0.845 2.015 2.737 2.787 3.409
3.569 3.195 2.375 2.327 1.583 1.225
STD. DEVIATIONS 0.018 0.080 - 0.044 0.129 0.729 0.671
0.065 0.162 0.597 0.227 0.066 0.056
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.8043 0.0000 0.6310 0.9860 0.52583 0.5491

0.5579 0.8848 0.8767 0.4672 0.2060 1.3898

STD. DEVIATIONS 0.5947 0.0000 0.8844 0.7558 0.2834 0.4129
0.3999 0.9243 1.2249 0.2821 0.2630 1.0348

PERCOLATION/LEAKAGE THROUGH LAYER 4

- ———— ——— . ————— — - ——— T ———— ———— —— —————

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

- 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
STD. DEVIATIONS 0.0000 0.0000 06.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000



TOTALS 0.0000
0.0000
STD. DEVIATIONS 0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

—— e —— ——— ——— — — — ——— . U — —————— " P ——————————— —, - — ——————— ——————————— - ———————

AVERAGES 0.0027
0.0019
STD. DEVIATIONS 0.0020
0.0014

S——

0.0000
0.0030

0.0000
0.0032

0.0022
0.0031

0.0030
0.0043

0.0035
0.0016

0.0027
0.0010

0.0018
0.0007

0.0010
0.0009

0.0019
0.004s8

0.0015
0.0035
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

o o ——— ——— - ———————— ——— —— - ——————— —— o — T ———— T ——— — — T  — —————— — ———————

1.8483)
1.4898)

3.06439)

0.00000)

0.001)

0.00000)

INCHES

PRECIPITATION 40.64 (

RUNOFF 5.714 (

"VAPOTRANSPIRATION 27.000 (

\iATERAL DRAINAGE COLLECTED 7.87809 (

FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH 0.00001 ¢
FROM LAYER 4

AVERAGE HEAD ACROSS TOP 0.002 (
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH 0.00001 ¢
FROM LAYER 5

CHANGE IN WATER STORAGE 0.050 (

2.4000)

1549070.0

217807.28

1029100.81

300273.219

0.245

0.245

1888.22

19.38410

0.00002

0.00002

0.122
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. PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978
e A
PRECIPITATION “2.40  91476.000
RUNOFF 4.472 170467.6090
DRAINAGE COLLECTED FROM LAYER 2 0.46690 17795.98440
PERCOLATION/LEAKAGE THROUGH LAYER 4 0.000000 0.00590

AVERAGE HEAD ACROSS LAYER 4 0.050

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00590

SNOW WATER : 5.61 213742.9220
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4321 N
MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2114-
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FINAL WATER STORAGE AT END OF YEAR 1978

- — = = — — —— ———— T - —— — —— —— Y — ——— —— A - " = —— A — G T = —— T W = A - —— - — -—
- - -—— - —— -

LAYER (INCHES) (VOL/VOL)
1 11.3352 " 0.3778
2 0.0050 0.0202
3 0.0000 0.0000
4 10.2480 0.4270
5 0.0012 0.0050
SNOW WATER 0.000
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Equivalent Values for two barrier layers used in Profile |
Layer 1 = GCL
Layer 2 = 18 in. compacited clay
Values Layer | Layer 2 T1/X1 T2/X2 Sum T1+ T2 Te/((T1/X1)+(T2/X2))
Thickness (cm) 0.6 45.72 46.32 18.25 inches
Porosity 0.7500 0.4270 0.800 107.073 107.873 0.4294
Field Capacity 0.7470 0.4180 0.803 109.378 110.181 0.4204
Wilting Point 0.4000 0.3670 1.500 124,578 ° 126.078 0.3674
Initial Soil Water Content 0.7500 0.4180 0.800 109.378 110.178 0.4204
Saturated Hydraulic Conductivitiy 3E-09 1E-07] 2.00E+08] 4.57E+08| 6.57E+408 7.05E-08

By B

CHD: T
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AYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE

HELP MODEL VERSION 3.01

(14 OCTOBER 1994)

DEVELOPED BY ENVIRONMENTAL LABORATORY
" USAE WATERWAYS EXPERIMENT STATION
FOR USEPA RISK REDUCTION ENGINEERING LABORATORY

% %
% %
* %k
* %
* %
* %
* %
* %
* %
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PRECIPITATION DATA FILE: c:\SKNR-P.D4

TEMPERATURE DATA FILE:

c:\SKNR-T.D7

SOLAR RADIATION DATA FILE: c:\SKNR-S.D13
EVAPOTRANSPIRATION DATA: C:\SKNR-E.D11
SOIL AND DESIGN DATA FILE: c:\EQUIV2.D1l0

OUTPUT DATA FILE:

TIME:

17:47

L= WY
V;;$L£>.WEEEQL

c:\EQUIV2.0UT

DATE: 2/13/1996

f*****************************************************************************

TITLE:

Skinner Landfill Help Model Analysis - 'Pv-o'gl\e_

=
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NOTE:

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

NOTE:

TYPE 1 - VERTICAL PERCOLATION LAYER
MATERIAL TEXTURE NUMBER 12

24.00 INCHES
0.4710 VOL/VOL
0.3420 VOL/VOL
0.2100 VOL/VOL
0.3691 VOL/VOL
0.419999997000E-04 CM/SEC

SATURATED HYDRAULIC CONDUCTIVITY IS MULTIPLIED BY
FOR ROOT CHANNELS IN TOP HALF OF EVAPORATIVE ZONE.

4.

INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM.

96



TYPE 2 - LATERAL DRAINAGE LAYER
MATERIAL TEXTURE NUMBER 20

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
SLOPE

DRAINAGE LENGTH

0.25

0.8500
0.0100
0.0050
0.0104

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

10.0000000000 CM/SEC

5.00
300.0

PERCENT
FEET

TYPE 4 - FLEXIBLE MEMBRANE LINER
MATERIAL TEXTURE NUMBER 36

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.
FML PINHOLE DENSITY

FML INSTALLATION DEFECTS
FML PLACEMENT QUALITY

3

0.06

0.0000
0.0000
0.0000
0.0000

1.00
3.00-
- GOOD

TYPE 3 - BARRIER SOIL LINER
MATERIAL TEXTURE NUMBER 17

THICKNESS

POROSITY

FIELD CAPACITY

WILTING POINT

INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.25

0.7500
0.7470
0.4000
0.7500

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.399999993000E-12 CM/SEC

HOLES/ACRE
HOLES/ACRE

INCHES

VOL/VOL
VOL/VOL
VOL/VOL
VOL/VOL

0.300000003000E-08 CM/SEC

TYPE 1 - VERTICAL PERCOLATION LAYER

THICKNESS
POROSITY
FIELD CAPACITY
WILTING POINT

(LI |

MATERIAL TEXTURE NUMBER 20

0.25

0.8500
0.0100
0.0050

INCHES
VOL/VOL
VOL/VOL
VOL/VOL
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INITIAL SOIL WATER CONTENT
EFFECTIVE SAT. HYD. COND.

0.0050 VOL/VOL
10.0000000000 CM/SEC

GENERAL DESIGN AND EVAPORATIVE ZONE DATA

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT
SOIL DATA BASE USING SOIL TEXTURE #12 WITH A
FATIR STAND OF GRASS, A SURFACE SLOPE OF 5.%
AND A SLOPE LENGTH OF 300. FEET.

SCS RUNOFF CURVE: NUMBER 88.00

FRACTION OF AREA ALLOWING RUNOFF 100.0 PERCENT
AREA PROJECTED ON HORIZONTAL PLANE 10.500 ACRES
EVAPORATIVE ZONE DEPTH 21.0 INCHES

INITIAL WATER IN EVAPORATIVE ZONE
UPPER LIMIT OF EVAPORATIVE STORAGE
LOWER LIMIT OF EVAPORATIVE STORAGE
INITIAL SNOW WATER

INITIAL WATER IN LAYER MATERIALS
TOTAL INITIAL WATER

TOTAL SUBSURFACE INFLOW

7.760 INCHES
9.891 INCHES
4.410 INCHES
0.000 INCHES
9.050 INCHES
9.050 INCHES
0.00 INCHES/YEAR

s w0 nn

'55% EVAPOTRANSPIRATION AND WEATHER DATA

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM

CINCINNATI OHIO

MAXIMUM LEAF AREA INDEX = 4.20

START OF GROWING SEASON (JULIAN DATE) = 104

END OF GROWING SEASON (JULIAN DATE) = 295

AVERAGE ANNUAL WIND SPEED = 9.10 MPH
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 70.00 %

AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 %

"AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 %

AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00 %

NOTE: PRECIPITATION DATA FOR CINCINNATI OHIO

WAS ENTERED FROM THE DEFAULT DATA FILE.

. NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING
COEFFICIENTS FOR CINCINNATI OHIO

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT)

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC



Protile™ 1
76.00 75.00 68.00 57.00 45.00 35.00

s .\

o NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING
o COEFFICIENTS FOR CINCINNATI OHIO

STATION LATITUDE = 39.10 DEGREES

khkkhkhkkkkhkhhhkhkhkkhhkhkhkhhkhhkhkhkhhkhhhhhhhkhkhhkhkhhkhhhhkhkhhkhhhkhrhhkhhhhkhhhkhhhkhkhkhkhkhhhkhhkhhkhhkk

AVERAGE MONTHLY VALUES IN INCHES FOR YEARS 1974 THROUGH 1978

PRECIPITATION
TOTALS 3.33 1.59 3.86 3.11 3.36 4.79
3.54 4.80 2.89 3.33 2.69 3.36
STD. DEVIATIONS 0.56 1.34 1.71 0.63 1.78 1.24
2.04 1.04 2.17 1.37 1.35 1.99
RUNOFF
5 TOTALS 0.000 0.000 3.537 0.155 0.101 0.379
0.262 0.476 0.225 0.245 0.037 0.298
STD. DEVIATIONS - 0.000 0.000 1.765 0.148 0.121 0.378
0.349 0.266 0.373 0.284 0.068 0.450
EVAPOTRANSPIRATION
TOTALS 0.931 0.845 2.015 2.737 2.787 3.409
3.569 3.195 2.375 2.327 1.583 1.228
STD. DEVIATIONS 0.018 0.080 0.044 0.129 0.729 0.671
0.065 0.162 0.597 0.227 0.066 0.056
LATERAL DRAINAGE COLLECTED FROM LAYER 2
TOTALS 0.6335 0.0000 0.8389 0.9069 0.4844 0.5346
0.6015 0.8476 0.8882 0.4683 0.1410 1.5296
STD. DEVIATIONS 0.5508 0.0000 1.0693 0.7049 0.2928 0.4198

0.5005 0.8685 1.2878 0.3130 0.2000 1.0965

PERCOLATION/LEAKAGE THROUGH LAYER 4

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
o 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000



PERCOLATION/LEAKAGE THROUGH LAYER 5

- — ———— —— ———————— — —— ——— " —— > ———

TOTALS 0.0000
0.0000
STD. DEVIATIONS 0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

AVERAGES 0.0021
0.0021
STD. DEVIATIONS 0.0018
0.0017

0.0000
0.0029

0.0000
0.0030

0.0029
0.0031

0.0037
0.0046

0.0032
0.0016

0.0025
0.0011

H“thﬁd
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0000 0.0000
0.0017 0.0019
0.0005 0.0052
0.0010 0.0015
0.0007 0.003

A4
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AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1974 THROUGH 1978

i o ————— —— — — o ——— —— —— — " . — - g S — T — ——— = T —— " P —— D D . ——— T — T ——— A ———

- ———— . ————— - ———— -

PRECIPITATION 4
RUNOFF
EVAPOTRANSPIRATION 2

LATERAL DRAINAGE COLLECTED
FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 4

AVERAGE HEAD ACROSS TOP
OF LAYER 4

PERCOLATION/LEAKAGE THROUGH
FROM LAYER 5

CHANGE IN WATER STORAGE

7.000 (

7.87452 (

0.00000 (

0.002 (

0.00000 (

0.053 (

1.8483)
1.4898)

3.07200)

0.00000)

0.001)

0.00000)

2.2867)

1549070.0

217807.28

1029100.81

300137.500

0.133

0.133

2024.15

———————

66.433

19.37533

0.00001

0.00001

0.131
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PEAK DAILY VALUES FOR YEARS 1974 THROUGH 1978

PRECIPITATION

RUNOFF

DRAINAGE COLLECTED FROM LAYER 2

PERCOLATION/LEAKAGE THROUGH LAYER 4

AVERAGE HEAD ACROSS LAYER 4

PERCOLATION/LEAKAGE THROUGH LAYER 5

SNOW WATER

MAXIMUM VEG. SOIL WATER (VOL/VOL)

MINIMUM VEG. SOIL WATER (VOL/VOL)

0.63096

0.000000

0.067

0.000000

5.61

91476.000

170467.6090

24048.86130

0.00119

0.00119

213742.9220

0.4321

0.2114
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FINAL WATER STORAGE AT END OF YEAR 1978

- ——n e  —— — T T - —— ———— — - ——————————————— - o —— —— - — —— —

LAYER (INCHES)

1 " 9.1221

- 2 0.0042
3 0.0000

4 0.1875

5 0.0012

SNOW WATER 0.000

0.0050
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The equivalence of a sand venting layer and a geocomposite vgnting layer is similar to
the equivalence of a sand drain and a geosynthetic wick drain. The calculation for the
equivalence is based on the sand venting layer and the geocomposite venting layer should

have the same discharge capacity, Q, (volume of flow per unit time).

Discharge capacity of geocomposite is measured by transmissivity and tested according

to ASTM D4716. The test device is shown in Fig. 1

A
WATER Y OVERRBURDEN
RESERVOIR H
N
PLATEN 7l v
L i

—
TEST / 1W_

SPECIMEN

L BASE

Y

-
<

Fig. 1 A constant head hydraulic transmissivity testing device

Discharge capacity for geocomposite is

6WH

0= I (1)
Where:
Q = discharge capacity, m’ /s,
W= width of the specimen, m,
© = hydraulic transmissivity, m* /s,
H = difference in total head across the specimen, m, and
L = Length of the specimen, m.

With the same device, discharge capacity for sand can be tested.

H
Q=TWK - )

where:
T = thickness of the specimen, m



7

K = permeability, m/s.
If Eq. (1) is equal to Eq. (2), then
TK =6 3)

If T=6", K=SE-3 cm/s, © should be equal to or greater than 7.35E-6 m® /5. The test(attached %)

shows the transmissivity for geocomposite is greater than 1.3E-4 m? /5. Therefore, the
sand venting layer can be replaced with a geocomposite layer.

Ba: SZZ /57
ckd BER- Yirfa



RUST Environment & Infrastructure
, Geosynthetics Laboratory
ASTM D4716 Hydraulic Transmissivity Test Result Summary

%

Cincinnati Branch

Date Tested: 02 DEC 93
Cincinnati, oOhio 45241 .
(513) 483-5323 Date of Summary: 09 DEC 93
Fax No. (513) 733-8213 -
-------- Project Identification -- -—-
client: Waste Management of Ohio Inc. .
Project: Elda Vertical Expansion
RUST Project Number: 71881.300
Specimen Orientation: Machine Direction
specimen Description: Compacted clay
PN3002CN Geonet
Textured Coex Seal Geomembrane
-------- Laboratory Parameters ——————-
Specimen Width: 12 inches
.Bearing Medium: Compacted clay
Water Temperature: 21 C Temperature Correction: 0.976
Lab Technician: FCE Checked By: KAaD
Gauge Pressure: 1000 psf
————————————————————— R E 8§ U L T § ————==- ——— -—-
Specimen  Elapsed Hydraulic Volume - Avg. Time Flow Hydraulic
Number Time Gradient Recorded Recorded Rate Transmisivity
(hrs) (inches) (gal) (sec) (gpm) (gpm/ft)
1 0.0 0.05 0.065 50.90 g.08 1.50
0.33 0.130 20.56 0.38 1.12
1.00 1.000 61.07 0.98 0.96
0.5 0.05 0.065 50.75 0.08 1.50
0.33 0.130 20.94 0.37 1.10
1.00 1.000 61.69 0.97 0.95
1.0 0.05 0.065 54.25 0.07 1.40
0.33 0.130 21.47 0.36 1.07
1.00 1.000 63.66 : 0.94 0.92
2.0 0.05 0.063 58.34 . 0.07 1.30
0.33 0.130 21.30 : 0.36 1.05
1.00 1.000 63.41 0.95 0.92
5.0 0.05 0.065 55.05 0.07 1.38
0.33 0.130 22.63 0.34 1.02
1.00 1.000 67.16 0.89 0.87
24.0 0.05 0.065 69.10 ~ 0.06 1.10
0.33 0.130 28.38 0.27 0.81
1.00 1.000 84.03 0.71 0.70
* Note:

Filename:
Source H

only the hydraulic transmisgsivity values have been

adjusted for temperature.

HTELDAl
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DURA SEAL® HD GEOMEMBRANE
SPECIFICATIONS

40 mil (1.0 mm)

23 of 3

National Seal Company's DURA SEAL HD high density polyethylene (HDPE) geomembranes are produced from
virgin, first quality, high molecular weight resins and are manufactured specifically for containment in hydraulic
structures. DURA SEAL HD geomembranes have been formulated to be resistant to chemicals, ultraviolet
degradation, as well as leaching additives.

Refer to NSC's Manufacturing Quality Control Manual to determine test methods and frequencies used as a part of
NSC's quality control program.

All properties meet or exceed NSF Standard Number 54.

RESIN PROPERTIES

. Melt Flow Index?
Oxidative Induction Time

SHEET PROPERTIES

Thickness
Average
Individual (15' & 30.59
Individual (23"
Density
Carbon Black Content
" Carbon Black Dispersion
Tensile Properties
Slress at Yield

Stress at Break

Strain at Yield
Strain at Break

Dimensional Stability?
Tear Resistance
Puncture Resistance

Constant Load ESCR

1

METHOD

ASTM D 1238
ASTM D 3895,
Al pan, 200°C, 1 atm O,

METHOD

ASTM D 5199

ASTM D 1505
ASTM D 4218
ASTM D 5596
ASTM D 638

1.3" gage length (NSF)
2.0" gage or extensometer
2.5" gage length (NSF)
ASTM D 1204, NSF mod.
ASTM D 1004

ASTM D 4833

ASTM D 5397
(Single Point)

UNITS

g/10 min
minutes

UNITS

mils
mils
mils
g/cm?
percent
rating

psi
ppi
psi
ppi
percent
percent
percent
percent
ppi
bs
Ppi
lbs
hours

test specimen values are not addressed in this specification, except thickness.

2

Indicates Maximum Average Roll Value

MINIMUM®

0.50
100

MINIMUM'

40.0
38.0
36.0
0.940
2.0
A1, A2, B1

2200
88
3800
152
13.0
700
560
2.0
750
30
1800
72
200

TYPICAL

0.25
120

TYPICAL

41.5
40.3
40.0
0.847
2.49
Al

2442
101
5012
208
16.4
826
661
0.6
870
36
3084
128
>400

This value represents the minimum acceptable test value for a roll as tested according to NSC's Manufacturing Quality Control Manual. Individual




PHYSICAL PROPERTIES
40 mil (1.0 mm)
PROPERTIES METHOD UNITS
Multi-Axial Tensile Elongation ASTM D 5617 percent
Critical Cone Height ASTM D 5514 cm
Wide Width Tensile ASTM D 4885
Stress at Yield psi
Strain at Yield %
Brittleness Temp. by Impact? ASTM D 746 °
Coef. of Linear Thermal Exp. ASTM E 831 oc!
ESCR, Bent Strip ASTM D 1693 hours
Hydrostatic Resistance ASTM D 751 psi
Modulus of Elasticity ASTM D 638 psi
Ozone Resistance ASTM D 1149, 168 hrs P/F
Permeability? ASTM E 96 cmisec” Pa
Puncture Resistance FTMS 101, method 2065 ppi
Ibs
Soil Burial Resistance? ASTM D 3083, NSF mod. % change
Tensile Impact ASTM D 1822 ft Ibs/in
Volatile Loss? ASTM D 1203, A percent
Water Absorption2 ASTM D 570, 23°C percent
Water Vapor Transmission’ ASTME 96 g/day ' m?
SEAM PROPERTIES METHOD UNITS
Shear Strength ASTM D 4437, NSF mod. psi
ppi
Peel Strength ASTM D 4437, NSF mod. psi
(hot wedge fusion) ppi
Peel Strength ASTM D 4437, NSF mod. psi
(fillet extrusion) ppi

Seam testing is the responsibility of the installer and/or CQA personnel.

DURA SEAL® HD GEOMEMBRANE

STANDARD ROLL WIDTHS

15FT. - 23 FT. -30.5FT.

MINIMUM'

200
1.0

2000
15.0
-75

1.5x 10"
1500
300
80,000

=]

3.5x10™"
1300
52
10
250
0.10
0.10

0.036

MINIMUM'

2000
80
1500
60
1300
52

TYPICAL

26.0
1.5

2110
20.0
<-90

1.2x 10"

>10,000
360
131,000
P

1.4x10™"
1639
68
0
390
0.08
0.04

0.014

TYPICAL

2630
109
1880
78
1580
66

The information contained herein has been compiled by National Seal Company and is, to the best of our knowiedge, true and accurate. All
suggestions and recommendations are offered without guarantee. Final determination of suitability for use based on any information provided, is the
sole responsibility of the user. There is no implied or expressed warranty of merchantability of fitness of the product for the contemplated use.

NSC reserves the right to update the information contained herein in accordance with technological advances in the material properties.

4H-0895
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TEX-NET® SPECIFICATIONS . I

GEOCOMPOSITE PROPERTIES

oF 35

PROPERTY TEST UNITS MINIMUM?
TN3002/1120 | TN3002/1125
Thickness ASTM D 5199 inch 0.275 0.305
Transmissivity' ASTM D 4716 m?/sec 5x10° 3x10°
(15,000 psf)
Ply Adhesion ASTM D 413 Ib/in 2.0 2.0
or F 904
Tensile Strength (MD) ASTM D 4632 Ibs 535 580
COMPONENT PROPERTIES®
GEONET TEST UNITS PN 3000
Polymer Density ASTM D 1505 g/cm® 0.94
Polymer Melt Index (Max) ASTM D 1238 9/10 min 0.5
Carbon Black Content ASTM D 4218 % 2.0
Thickness ASTM D 5199 inches 0.200
Mass Per Unit Area ASTM D 5261 Ibs/ft* 1 0.162
Transmissivity' ASTM D 4716 m¢/sec 1x10”
, @ 15,000 psf
Tensile Strength ASTM D 5035 Ibsfin 45
GEOTEXTILE TEST UNITS MINIMUM?
1120 1125
Fabric Weight ASTM D 5261 ozfyd? 5.7 7.1
Thickness ASTM D 5199 mils 75 a5
Grab Strength ASTM D 4632 Ibs 160 210
Water Flow Rate ASTM D 4491 gpm/ft? 130 110
AOS ASTM D 4751 Sieve Size 70 70
mm 0.210 0.210

Measured using water @ 20* C (68°F) with a gradient of one, between two steel plates, after one hour. Value may vary, based on dimensions of the
transmissivity specimen and specific Laboratory.

These values represent minimum acceptable test values for a roll as tested according to NSC/FSI's Manufacturing Quality Control Manual.

individual test specimen values are not addressed in this specification.

Component properties are tested prior to the lamination process. They cannot be tested on the final p}oduct.
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! BENTOFIX® THERMAL LOCK TECHNICAL SPECIFICATIONS I

——

q
GCL DATA
PROPERTY TEST STANDARD UNITS BENTOFIX NW
Physical
-Mass Per Unit Area ASTM D5261 minimum Ib/ft? (g/m?) 1.09 (8820)
-Thickness ASTM D5199 typical in (mm) 0.24 (6.0)
Mechanical
-Grab Tensile' ASTM D4632 typical Ib (N) 210 (928)
-Puncture ASTM D4833 typical b (N) 220 (972)
-Friction Angle? ASTM D5321 minimum degrees 25
-Peel Strength ASTM D4632 minimum Ib (N) 15
Hydraulic :
-Water Permeability* GRI GCL-2 maximum cm/s 1x10°°
COMPONENTS
COMPONENT TEST STANDARD UNITS BENTOFIX NW
Carrier Geotextile non-woven’
-Mass Per Unit Area ASTM D5261 minimum 0z/yd? (g/m?) 6.0 (200)
Cover Geotextile nonwoven
-Mass Per Unit Area ASTM D5261 minimum o0z/yd? (g/m?) 7.4 (247)
~>.Sodium Bentonite :
.“¥-*Mass Per Unit Area minimum b/t (g/m?) 1.0 (4900)
T -Montmorillonite ) :
Content Methylene-Blue typical Meq 90
-Moisture Content ASTM D4643 maximum % 10
-Swell Index USP NF XVlI minimum mi 25
-PlateWater Absorption ASTM E 946 minimum % 840
-Fluid Loss API 138 maximum ml 18
-Confined Swell GRI-GCL 1 minimum % 350
ROLL SIZE
DIMENSION STANDARD UNITS BENTOFIX NW
-Width x Length® nominal ft (m) 15.5x 125 (4.7 x 38.1)
-Area per Roll minimum ft2 (m?) 1938 (180)
-~ackaged Weight typical Ib (kg) 2150 (977)
NOTES: 10/19/95NW
1. Typical tensile values given for weakest principle direction.
2. Samples hydrated under an initial normal stress of 7.5 psi (50 kPa) and sheared internally.
3. Water permeability values given correspond to effective stress of 30 psi (206 kPa). -
4. Nominal roll dimensions exclusive of protective edge area.
5. Non-woven carrier geotextile is woven reinforced.

The information contained herein has been compiled by National Seal Company and is, to the best of our knowledge, true and accurate. All suggestions and
commendations are offered without guarantee. Final determination of suitability for use based on any information provided, is the sole responsibility of the
.._..ser. There is no implied or expressed warranty of merchantability of fitness of the product for the contemplated use.
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Tires, Front
Standard, 2wD
Standard, 4WD
QOptional, 2WD
Ogptional, 4WD

Tires, Rear
Slandard, 2 WO
Optional, 2w0
Optional, 2wWD
Standard, 4WD
QOptional 2W0 or 4WD

Hydraulic system, closed center

Pump capacity:

9-16, 10 PR, F2 (outside U.S.A.)
10.5-20, 10 PR, R4
11L-16, 10 PR, F3 (standard U.S.A. 2WD)
12.5/80-18, 10 PR, 13

16.9-28, 10 PR, R4
16.9-28, 12 PR, R4

16.9-28, 10 PR, R4

16.9/15-28, 12 PR, A1 (outside U.S.A))
16.9-28, 12 PR, R4 (outside U.S.A.)

108 Umin @ 17 gpm
2400 rpm @ 18 600 kPa

(28.5 gpm @
2400 rpm @ 2700 psi)

12.5/80-13, 10 PR, I3 T

18.4/15-25, 12 PR, R4

135 Umin @ 17 ¢gem
24C0 rem 2 18 600 «Fa

(36.3gpm @

"Includes enctosed ROPS

2400 rpm 2 2700 psi)

5-3
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‘ : Specifications Backhoe Loaders i
i
/ :
MODEL 428 Series |l 438 Series |l _
————— N
Fiywheel Power (Net) 52 1w 70 HP 57 W 77 HP :
Fiywheel Power (Gross) 7 kW 76 HP 82 kW 83 HP B
Operating Weight* 7143 kg 15,750 1b 7364 kg 16.237 Ib :
Engine Model — Perkins 4.236 4.236 y
Rated Engine RPM 2400 2400 !
No. of Cylinders 4 4 f JUTHE
Bore 98.4 mm 3.87 in 28.4 mm 3.87 in :
Siroke 127 mm 5in 127 mm Sin ;
Displacement gL . 236 in’ 3estL 226 in’ !
Speeds Forward krmvh mph km/h mph
st 5.2 3.2 E. : 3.3 ;
2nd 9.7 6.0 101 6.3 :
rd 18.3 1"y 19.5 12.1
&th 29.4 18.3 305 18.9 i
Speeds Reverse . ’ [
1st 5.2 3.2 5.4 3.1 i
2nd 9.8 6.1 10.1 6.3
3rd 19.0 ‘ 1.8 19.6 12.2 !
4h 296 18.5 30.6 ’ 19.0 :
Turning Radius - !
‘2 wheel drive 3724 mm 12'3° - ) )
4 wheel drive 3734 mm 12:3° 3708 mm 1217 !
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' Standard Cold Inflzetion Pressures Tires
£
£
i
. . {
i EXCAVATORS — Bias Ply SKIDDERS — Bias Ply
b For camplete tire data and inflation pressures, see the Excavater ’ . Pressure
7 section in this handbook. Model Tire Size Ply Rating | Front Rear :
- : ) ' : xPa gsi|kPa psi
KHOE LOAD — Bias Pl “ :
BACKHOE LOADERS y 518 18.4-34 10 172 25 | 172 25 i
L ) Pressure Cable 23.1-26° 107,14 1138 20 {138 20 ;
Model Tire Size Ply Rating | Front | Rear ) 28L.25 12, 1¢ 138 20 :
kP2 psi | kPa psi 24.5-32 12, 16 172 25 ;
" 416 Series Il 20.5L-32 12,16 |138 20 i
) {2w0) 11L-16 10 e 52 65 x 43.0-251 10.12 J138 20 ;
16.9-24 8 195 28 . — o e vea :
g (4WD) 10.5-20 - 8 ac2 518 2::.1-‘6 107, 12 3: 20
: 19.5L-24 3 185 24 Grapple 28L-26 12, 14 28 20
. 24.5:32 12,16 |172 25
- 426 Series Il ’ 320.5L-32 12,16 128 20
~ = (2W0) 11L-16 12 420 64 56 x 43.0026 | 10, 12 138 20
- 16.9-24 8 195 28 i : =
R (awoy | 10520 10 a3 62 528 24.5-32° 18 17225 ;
19.50.2¢ 8 185 24 30.5L-32 16 138 20 !
% 436 Series Il i
v (2wD) 11.0-16 12 213 60 |
16.9-28 10 220 32 - WHEEL TRACTOR-SCRAPERS — Bias Ply :
. (4WD) 10.5-20 10 123 62 Ply Pressure ‘
i 16.9-28 10 220 32 Model | Tire Size | Rating Front |  Rear !
4 t
a2 Series !l kPa psi | kPa psi |
GeE o (2wW0) 9-16 S R s13c | 180025 | 1 | 3¢5 so | 80 ss =,
v 16.9-28 10 220 32 21.5-25 16 275 40 | 275 a0 ;
{aWD) 10.5-20 10 82 st - - - . i
4 16.9.28 0 270 32 615C | 26.5-25 26 13 60 | 385 50 !
T 29.5.25 22 310 a5 | 2¢0 135
= 438 Series Il N
. (4WD) | 12.5/80-18 10 310 45 621E 33.25-29 26 3E0 L] 310 45
i 18.4/15-26 12 207 30 29.5-29 34 413 60 | N0 45
_ s 29.5-35 28 380 S5 | 275 a0
~ @2wD) | 14.575-16 10 275 40 623 | 29.5-z9° 3¢ 450 65 | 345 50
~— 21L-24 12 220 32 29.5:35 28 413 60 | 310 45
o (sW0} | 12520 10 ¥ s 527E€ | 33.25-29° 25 413 s0 | 45  so
& : 21L-24 12 20 32 20.5.29 32 | 413 60 | <50 65 pumm
- 29.5-35 23 35 50 | 380 S5
g 631 | a72535* | 20 | 380 ss | 310 as
i 637 | az2c2s- | 20 | ae0  s5 | 2m0 s
it 651E | 37538 | 32 |z s | ©13  s0
L 5
A3 857 | 37539 | 32 | s s0 | =0 so
€«
;;’ *Stanoard twe ana ply rating.
e
=2
P B

___‘ 18-19



;.;;.;.Sackhoe Loaders Machine Dimensions

\ \:\::?.\‘ e ’
‘~—a\\‘7\\s N
\‘i-'\‘ - by —~——
: L g
J
D P H
A B
e PR
Centerpivot
Machine Dimensions 416 Series Il | 426 Series li 436 Series Il
N) Overall lransport length 6338 mm 22°5° 6917 mm 228~ 7094 mm 23°3°
P) Overall transport height 3448 mm 114" 3742 mm .12'3° 3810 mm 12'6~
Qverail width, with ducket 2262 mm 75", 2252 mm 75" 2262 mm 7's°
Height 1o top ot canopy/can 2718 mm 8't1” 27118 mm 811~ 2779 mm 91"
Q) Ground clearance 297 mm 12.07 291 mm 11.0° 352 mm 14.0”
Front wheel tread 1780 mm 5710~ 1780 mm 510 1800 mm 511"
, Bear wheel tread 1714 mm 577 1714 mm 57 1714 mm §'7
R) Wheel base (2WD) 2100 mm 6117 2100 mm §'11° 2100 mm 611"
(4W0) 2067 mm 69" 2067 mm 69" 2067 mm 69"
Centerpivot | - Sideshift
Machine Dimensions 446 | 428 Series |l | 438 Series Il
N) Overall transoort length 7954 mm 261" 685 mm 188" 5696 mm ‘18°87
P} Qverail transport height 4193 mm 1397 3574 mm 1197 3597 mm 11107
Qverall width, with bucket 2432 mm 8Q” 24C6 mm 7T 2406 mm 7°10”
Height to lop of canopy/cad 2864 mm 95" 2776 mm a1” 2795 mm 92"
Q) Ground cteararce 332 mm 137 320 mm 12.87 335 mm 13.27
Front wheel tread 1970 mm 66" 1780 mm 510™ . 1870 mm 627
Rear wheel tread 1800 mm 5117 1690 mm 56" 1690 mm - 5°%7
R)~ Wheel base (2WD) 2233 mm T8 2100 mm 610" - —
(WD) 2233 mm IR 2067 mm 69" 2067 mm 69"

L)
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Settlement Analysis for Landfill
Geanemhrane Covers

by

Barmard A. Bono, MSc, P.E.
Senior Geotechnical Engineer
Fluor Daniel Environmental Services
Chicago, Illinois 60606

Abstract: Current landfill closure regulations
frequently require the use of a gecmembrane cover to cap
an existing landfill. The gecmembrane cover design
calculations should include an estimate of the magnitude
of waste settlement to assess the magnitude of

ane elongation resulting from differential
settlement of the landfill surface.

The design method presented considers landfill waste
characteristics such as type of waste, campactive
effort, organic content, wvoid ratio, degree of
saturation, specific gravity and water content.
Settlement mechanisms discussed include overburden
stresses, landfill gas extraction, biological, chemical,
physical, and other internal chanqes. The parameters
are campiled and rearranged using standard geotechnical
weight /volume relat:.onsh:.ps to provide values for the
estimated maximm total settlement equation. Total
settlement is presented as a function of the internal
parameters and the log of the filling time ratio.

Finally, the estimates of landfill settlement are used
to estimate maximm  differential  settlement.
Differential settlement over a specified cap distance is
then used to calculate the percentage of elongation. A
factor of safety is applied, and the resulting value is
compared to ASTM test results for the proposed type of
geamembrane.

INTRCOUCTION

This paper presents a uniform approacn ior
estmatmg the expected magnitude of ane
elongation over a specified distance of the landfill
cap. The approach is based on estimating minimum and
maximum magnitudes of waste settlement to assass
gecmembrane elongation resulting from differential
settlement across the cap. An appropriate gecmembrane
is then selected based on comparing the propesed
material's elongation properties to the estimated
magnitude of elongation.

GLOSSARY

Differential Settlement, DS =~ The vertical
difference in feet between the maximm and minimm
settlement magnitudes, usually measured across a
specified horizontal distance.

Initial Void Ratio, e, - The ratio within the
waste of the volume of voids to the volume of solids.

13-1

of Saturation, Sr - The pertentage of void
space that is filled with water.

Specific Gravity, G - The ratio of the unit weight
of solid constituents to the unit weight of water.

Total Settlement, TS - The estimated sertlement
occurring at a specific location within the landfill,
usually referenced to the time pariod after landfill
capping.

Gecmembrane Elongation, E - The magnitude of the
gecmenbrane elongation referenced to a specified
horizontal distance across the landfill cap.

Percent Elongation, % E - The ratio of eleongation
to the specified cap distarce over which the
differential settlement is expected to cccur.



MAGNTTUDE OF WASTE SETTLEMENT

Causes of Waste Settlement
Settlement of landfill waste material will most
likely occur over time due to the following mechanisms:

o Overburden stresses from the waste and cover
soils causing compression and re-orientation of
the waste materials.

o Activation of a landfill gas extraction system
causing waste settlement in the extraction well
radius of influence.

o Ongoing biological and chemical decamposition of
the waste, physical, mechanical or other internal
changes.

The predaminant type of waste within the landfill
(i.e., ash, hazardous, municipal, construction, etc.),
the volume of landfill gas extracted, and the amount of
compactive effort applied during placement will also

affect the magnitude of settlement. For example,
locsely compacted, highly organic, readily
biodegradable fills will display mich higher settlement
than heavily compacted construction debris.

Estimation of Waste Settlement

This paper presents two procedures to predict the
magnitude of waste settlement in a landfill. Values
from both methods should be calculated and compared.

Three and Eight Percent Method

Based on interviews with landfill surveyors
(Hanft, 1991) and past experience from larifill cap
construction projects, a quick method to estimate the
magnitude of waste settlement is to use the 3 and 8%
method. This method assumes simply enough that the
minimm settlement is 3% of the total height of waste.
The maximum sertlement is assumed to be 8% of the total
heignt of waste. These settlements should be estimated
to occur after the time the landfill achieves final
grade and is capped. In this way the on-goirg
setrtlements that occur during the £illing process do not
need to be taken into account.

The differential settlement is calculated as the
difference in feet between these maximum and minimam
values.

The design engineer should consider the
acpropriate causes of settlement (i.e. Is there a cas
collection system? Is the waste highly organic and
readily biodegradable?) when detennining the maximm anc
minimum values, and adjust the percentage limits

cordingly.

Recently, a 70 foot thick landfill in cencra®
Indiana experienced localized settlements of up to crne
and one half feet within six months of activating the
landfill gas extraction system. (Hanft, 1991) This
constitutes a 2% sectlement which does not yet take intc
account the additional long term settlement which is c=
be expected due to overburden stresses and bio-physical
changes..

Sowers Method

A second method for estimating the magnitude of
waste settlement was developed in the early 1970's by
Sowers, Yen and Scanlon (Sowers, 1973} (Yen and Scanlon,
1975). This method is briefly reviewed here to provids
an additional method for estimating of the magnitude of
differential settlement. It is the design engineer's
responsibility to choose appropriate values for the
following geotechnical weight/volume relationships.

Sowers, Yen ard Scanlon measured actual settlement
rates at several sanitary landfills. They concluded
that settlement is a function of the height of fill, the
length of the filling period, the suirabiliry of waste
for decamposition, and envirommental factors such as
temperature and moisture content.

Example Calculation for Differential Settlement
timate Initial Void Ratio, e,.

e, = _wG ' (1)
Sr

Assume the following values for this example
calculation:

Sr (Degree of Saturation), = 100% (satwracion)

G (Specific Gravity), = 1.5 to 2.0, say
175

w (Water Content), = 60%

e = (0.60) (1.75) = 1.05 (This value chould be
{1.00) 21)

Estimate Settlement with Respect to Time.

TS = a H log, L ()
1ve T,
Where:
TS = Total Settlement (ft)
a = Secondary Conpression Factor (a -~ alzha)
H = Thickness (Height) of Waste (ft)
e, = Initjal Void Ratio
= Time at completion of settlement (months)
t, = Time at camletion of £illing (monihs)

Estimate Secondary Campression Factor, “a“.

"a" is a function of the initial void ratio, e. Ses
Figure 1 for graph of "a" vs. e_.

For corditions "favorable to decamposition

"a” max. = 0.09 e, (approximation only) (3)

For conditions “unfavorable" to decamposition

"a" min. = 0.03 e, (approximation orly) (%)
Estimate t, and t,. Actual values based on constructicn
schedules should be used if available. Otherwise, the

values listed in Table 1 can be used as arproximate
values.

CONDITIONS FAVOAABLS . V‘
15 OLCOAMPDLTION
a=0.c8¢.)] yd

%z
LA
. * : TO 0LCOMPDYITIOND

| l a=g.03¢a

L 1 ) L3 E ) 0 11 1. '

JLCOMDMT CDwP FaCTOR

¥eib Aatio OF Fili

Figure 1. Secondary compression of waste fills (Sowers,
1973)



Table 1. Comparison of settlement and operational
filling veriods (Yen and Scanlon, 1975)
Thickness Filling Approximate
of Waste Time Settlement Time

H (ft) t, (months) t, (months)
40-80 12 101

40-80 72 252

80-100 12 233

80-100 72 238
Calculate TS.

Calculate maximum and minimm values of TS using "a”
max. and "a" min.

Assuming:
e, =1.05
a max = 0.09 e, = 0.0945
a min = 0.03 e, = 0.0315
H =100 ft
T, = 24 ronths
t, = 240 months
Using Eq. 2:
TS max = 0.0945 _100 log, 240
1+1.05 24
= 4.6 ft
TS min = 0.0315 _100 _ log,, 240
1+1.05 24
=1.5 ft

Alternatively, calculate differentjal settlement between
areas of different waste thicknesses using a single "a“
value.

Estimate Differential Settlement = DS

‘Differential  Settlement  should be  estimated
conservatively by camparing TS max and TS min with the
values achieved by the J ard 8% method.

Calculate DS by subtracting the minimm settlement from
the maximm settlement for each method. To be
conservative, use whichever value is greater.

Table 2. Camparison of estimated settlement
magnitudes for Sowers and 3 and 8% methods.

Method . Sett nt Min. Settl t DS
Sowers TSmax =4.6' TSmin = 1.5 3.1
3 & 8% 8% x 100 = 8.0* 3% x 100 = 3.0* 5.0'

CALCULATE GEOMEMERANE ELONGATION

Calculate the gecmembrane elongation (E) for the
expected magnitude of DS. The percent elongation will
then be the ratio of the estimated elongation to the
distance (L) over which the differential settlement is
expected to occur.

Use Figure 2 to visualize the relationship between
DS, E, and L.

Figure 2. Elongation of cover geamembrane

BExample Calculation for Geamembrane Elangation
From Figure 2:

(L + E)? =12 + ps? (5)

Therefore:

L + E = {L? + Ds%)09

E= (L + 0% - L (6)

And:

$E=E (7
L

Assume the following values for this example
calculation:

Note: Selection of the assumed value of "L
should be based on factors including the homogeneity of
the waste, waste thicknesses in adjoining areas, gas
extraction well radius of influence, and conservative
engineering judgement. ILower values of L will provide
more conservative values of % E.

Using Eq. 6:

E = (15% + 539 - 15
0.8 ft.

Therefore Using Eq. 7:

$E-0.8=5.3%
15



Selecting a Geamemhrane

The estimated value of % E should then be compared
to ASTM test results for the proposed geamembrane
material (Gundle, 1990). Compare % E to the results of
AS™ D 638, % elongation at yield.

A minimum Factor of Safety (FS) of 2 should be
used when selecting a geamemhrane.

$E, =%YE*FS (8)
Using the values from the previous example problem:

$E, = 5.3k *2
=10.6 %

Therefore in this example, the selected
gecmembrane should have the capability to elongate a
minimm of 10.6% at yield.

SUMMARY

It should be recognized that waste settlement
calculations are difficult to evaluate due to the
inherent camplexities and unknowns involved. Therefore,
the a h taken is conservative and will normally
lead to high settlement magnitudes. Using this method
it is desirable to select a geamembrane with the highest
value of elongation at yield for cap designs. Other
properties to be evaluated before  selecting the
gecmembrane include: friction, tensile strength,
puncture strength, and resistance to the waste materials
in the landfill.

Consolidation of the subgrade beneath the landfill
should also be calculated to validate the integrity of
the leachate collection system grades.

13-4

REFERENCES

Gundle Lining Systems Inc., Manufacturer's Literature
for Gundline HD, Specifications for Elongation at Yield,
1990.

Hanft, Allan L., Hanft Surveys, Indianapolis, IN.
Discussions on Landfill Surveying, June to August, 1991.

Sowers, George F., "Settlement of Waste Disposal Fills.*
Proceedings, 8th International Conference on Soil
Mechanics, Moscow, U.S5.S.R., 1973, pp. 207-210.

Yen, Bing C. and Scanlon, Brian, “Sanitary landfill
Settlement Rates." Journal of the Geotechnical
Engineering Division, ASCE. May 1975, pp. 475-487.

ACKNOWNLEDGEMENTS

Acknowledgements to my current employer, Fluor
Daniel Envirommental  Services for encouraging
development of these design methods; to my previcus
employer Donohue and Associates, for providing an
introduction to landfill design; and to Mr. Allan Hanft
of Hanft Surveys, for providing recent surveyed results
of landfill cap settlements.

BN

G



HIA



RUST Rust Environment & Infrastructure

CALCULATlONgH.I;EET pace_lor 1) il
= PROJECT NO. J2l80.520 *:\ -
CLIENT _Su..\QQEfZ. SUBJECT s_mz_gg(g wpre”. _ Prepared By MME _ Date 4=18 'LSA 75
PROJECT SLMER. (ML, _DRARAGE CALGUATONS Reviewed By BEE _ Date 1-2545
WELT (M€sTER OWID Approved By Date

Peco(E, STHFREIIBIT :

TPETRMINT SURFACE  WATER RUNCFE Tz o TRAIRACE
feehs  AND SIE TRANAE sWAES ALLERD INGLY.

NP CALALLETIONS 3
) RFAE WKTER. RMNOFR
CCALUUATE RunoFE AW S NG, BENONM. METHDD
oo A
QLo n cfs tro. 44 Lo \l&ﬁd‘(&e(& dﬁ‘-/ Cf«.p
L duranca baced ot fwwof Lu\md'raﬁo&}
A~Grea W auzs

@ DWALE SlZNC\ (SET YA Mmmuds FQuamion ik Variaiue "N
VALLES BAsED ON, NEGETAWE ReTARpANCE.
swale -6 Q3B s
L}xanml Slopk | SOFr Drop (a ¢le/anat 1n 450 R = 0.607 ‘a*/{f
Hdeslope: 301
%«ﬁm th‘h}n" 1?;"€"
Tyler sume TXh U_-,mj rebard ance curvC B d- 4 an Q,,D)V 3.6
C,)d, 2.7 1%, ,q,,\/‘35
see Attodamest A : D) - o.b 4» b)) %oa) V= G

SITE L MNooT - THE < 1Te 15 DIVmeD OP INTo “THRez )
\ATERSHED ' AREAS BAED on ToRYgRARPHY —ND TRorPoseDd swals
LANDUT., STHE foldonw CALCUATION S CoNeR EAC WATRS heD Widek
ARE: EASTERN Paqes Z,3, b

Western qu,s.ﬂé,l,é.%‘t

Central Paqes o, ¥ 11

Rev. 11/94 scale: 4 sq.finch FO51/General



. B At CALCULAle‘N“éHE'ET'

CLIENT SI! hher 'PRPGVM'P SUBJECT m Prepared By MMé Date 72547

PROJECT &g_ﬂmm_g_\l _M_&gléﬂ'e’[) -Sorfece Reviewed By B£&
Rewedial Design W-‘h./‘brmv\nq ¢ Cale\Hods

Date 7—25 ,75
Approved By. ' Date

Pfc‘}f //: anu:_

Z = L1 aews —

J = 1.84 ccenn.
Total = A5.0

Rev. 11/94

scale: 4 sq./inch

FO51/General



MENVIRONMENT& CALCULATION SHEET PAGE.S _oF Wl
INFRASTRUCTURE PROJECT NO. 72 480 S00

-y, CLIENT Skimevr PRP &avoup SUBJECT&{&S__L'«___ Prepared By me. Date MS
. PROJECT SXimer Eapnd Ci\ Deoinac e, Caleulations Reviewed By 8= Date ey, 7; )
__—_:Am:&%b_ aster Fershed Approved By :

CQ_S.c,u\ec\‘g, s('uwo"?-? -:—louus Usm3 ;‘-\) 'k"tev\gj Me_'i‘e\o:‘/ | o I

Q= LA C = vunatl C.acf'(-tqu{\' = O,44 o)vo.sﬁt.el ;
L2 vamFall dordion based onTime of concadvdion T—g

A,._ Va:\—Q.'rs‘nc_:l AN LA \\'\ ol re.t,

Compute Hlaws L, Q= <ty

Swale a-b Aven = WY acves .
t-¢_= éO‘ N 1oc9o' = ] wn (s& r\oma..gﬂ-p‘ﬂ a.‘\"‘-c}\mc,..\‘\' B)
. Llpc > 8.0 “'\/hw, (S& V'b.;ncu“-éuva.ko'\—\‘-\‘\'v\;ﬂj oYV
| for cancinnadl | arhadhment @)
K= (a*‘fX3:°Yl{.*+>= Hocfs

x Swale d- C.%' e-b Avew = [LT77
: tc_= ¢ in 300' + |o' n t":‘o' + a,' tn 152

= 6 wmia 4 2 min, + 1.5 min., = QS mmn
L|00= 1.5
_ Q= Ca,%u-)(\.‘-l‘;X“ls): 5.8cts
Swele b - Aven = 15 acves

t¢,= 2o in 350‘ + éo‘ 1A oo = 4 min +9min = |3 M.
Lica= 6.8

= Co,LMX "5)(4,5)= 4q. 9 ots



_,_A.,_

MENVIRONMENT& CALCULATIONVSAHEET.' pacE 7 oF [l iR
INFRASTRUC]‘URE PROJECT NO. 7268&‘500 ":»«g\ .
CLIENTS&N@- TRP &RoP SUBJECT f;nsa__ASL&_A_ Prepared By AM':’\? gﬁ?ﬁz /4;54
PROJECTﬁun_sth_E\.\!_ Sovlage Weaber Drainase. Reviewed By BER Date __lﬂ‘r’—

Remedial Ei"\,'\ Caladetions Approved By Date —

S\sza.\c %\z-\ﬂ?; o -
o chhomnel  chamned  bottem  Aesth(Eb Leloct
Swale Rieo ‘btrc. Sdeslppe W “N';\ ‘fﬁ.a.:\‘am:{i:&-: Z C{,TS)

D (+tf+) = - g Y
a-b Ho, | 0.08 a:l © ‘s ”’54/.5 o%'
d-c S.8 o.oz 3| o S "o o%g
¢ -b 5,5 [see below for sizing vsing eritical Llow equation’] 7
b-e Y49 o.05 3| ¢ "%.j o'%-s

<Swale e-b 13 on a 3\ ‘Slo‘ig_ (BBLdf\d-md.s'opt.) whidh w‘.ll tesolt 1a ct:\'{’;u& Llow
Mg.v\;\w\c{s 'E.qui,ﬁo* fs v\a* V-.\‘\A ,"f&tfc"sa'L ho-d’ Ve u..* 13.-.[ -qaw qu.:‘T\‘oﬂ
Q W= channel wxé*l‘!
V= 7an V:Z— Az wmw D= channel a,_‘;;-e,
choose T and <olve for W  Pro. s+ D W=odslx

C-lo Qo= 58 W= (o.438)(58)= 245t saq 34 nin,

e’
swa.,\'__ $\Z.c,.$ k(s\rxa.?g_s \\'\q_. with
qxo-uo»\ M¢.+
a~b ‘Tw-pe—zoéa.\ N —I\""\/ |
— Cp N\V\“ - o

bRty
& . 5“ "\ "?_
iprap

3 min

c:l - "\/" SL“\P&

c-b ”\'rc»p:—zo\c‘m.l

eveosion >

Lo eapezodal ~2 / Ve 7

H_’




RUST Rust Environment & Infrastru'cvtu;'_ei

CALCULATION SHEET

CLIENT <pinner PRP Greoe SUBJECT LOF;STEE—!J _ Prepared By ‘_ Em&‘
PROJECT $K\nnu Land&\ Umﬂ{—é\) Reviewed By Bﬂzfo%%
—RQQLA ;g\ ‘Ze)sl_e’ " éur&:&al 'Ln.v_Dmg_ma-.ﬁc- Approved By “ Day

(’,.Ac.u(.a:\":ons

N

Rev. 11/94 scale: 4 sq.f/inch FO51/General



RUST Rust Envlronh_iént & lnfrastruetg;_é

'-CALCULATI(.)I\T'SHEE‘T pacE & oF 11 ..
oL E PROJECTNO 72480 800" )
CLIENT Dxinnesr PRPév_ag SUBJECT Weé TE@.\I ' Prepared By MME Date ‘l[zgqs- ,
PROJECT Swmner LandGill WATERZSUHED ~Sovbnce . Reviewed By BEF _ Date /%5 :
’RM(&\%@« QQH 'Drdtr\&gb Colex, Approved By Date
CALALLSTE  RunoEr Fums. usG RETIoNAL Hen»tob |
Q= oA : Loo ba for  Jgehaded, da-\\ wap
L+ dunsdion bosed ov. Fins of ey codtodhion -

= oea. il aeued

Coupuke. Hoo, & ‘ ~

Swle a-b froes 19 (Aves))
: ‘Q_‘ 14 min s5'in 4E2' + 14" in 306 2 1O min <4 min
beo® 65
s ona(65Y( 1900 = BLofs
Swalc_ b-C Aia = 0.4 (evea ‘*2\)
C—d —éc= (0.0 42' In qoo' = 1O min
(: - 7‘5, v
/o5

@p; 044 (250104 ) T  BZyz  fs

Rev. 11/94 scale: 4 sq./inch FO51/General



RUST Rust Environment & Infrastructure

PAGE '1 oF 1 [ 2

a - .‘%53;:' ."é R
PROJECT NO. “TZL 86500 +
Prepared By MM Date Yezhs

CLIENT SKINNER, PRP GmReuP SUBJECT WESTEEN -
PROJECT “SKIMNER LANDEIL. _ W ATHRSHET ~SURFAcL  Reviewed By PR Date /4fes

]

REMED IAL. DESIGH _Wamrr. Doamsce Cales Approved By Date
Areoss
Suale d-e Area = (5.1 (\,z,3) |
V 1 - g 25' (A 4o0' 4 Ao i~ 100 + 8'in 150"+ 42 Vn o
. C / . N
L/d’l)" 5—5 5 mia { min 2 mn 1o mia

C’?D-‘cﬁ. 44(5.57(16_.l ) = 34.5 cf>s

Swade e£ Areaz 19.5 (1 teough &)
f(,_ : Z5mn 18 mm % \z' in .Zao' + 4w 200
I ' — k ) ™min
| L= 6.0 B mn Y

Q.w'—' 3‘44(-5’,0)(/7,;,) = 42,9 cfs

Sw(h\( h-‘x A{m: {.077 (_o.vc_,ug. ‘5)
'Q= 5,571\-"\ qll'] 250" -+ Zo‘ o' = 5’”\11«1 <+ o.4mina
L9 0

Q.Uf 0.44 (90(107) © 4.z fs

6wa,(£, %-(_ _ ;L’]qxuu— (.3 (oveus)
t. =105 8 in Heo't 14" {n 250" = Tmia + 3.5 mn
4;0:7,5
@m: 044 (75)(1.3) = 4.3 cfs
.sbddﬁ, 6-—3 ~ Afm 2,5_7 (c«c.cus 4 and 5)
' tc;y’o..'s
Copo -5

O, 044 (7.5) (23T =-7.8 cfe_

Rev. 11/94 scale: 4 sq.finch FO51/General



ey

N

RIST Rust Environment & Infrastructure

‘ "'CALCULA'TIO'I.'\I sméizT |

7 CLIENT _SHueR PRPERapP SUBJECT uzs:tagg_ué@m

PROJECT SKINNER. L-aNDERL, %:ees_ma___

PAGE ﬁ'OF i"l! i
PROJECT NO zz&g S'oa

Prepared By MM£ !*Date _Mﬁ‘i
Reviewed By%ﬁ Date | 15

__Eﬁ.mﬂ?__mas_ _DRAMNAGE caleutAmods  Approved By - Date B
T SWAE Sz B - T ;" i_
Swhe Qoo Cinler  ChinaL Boom D@m(ﬁ—')/«/ec.ocl"“/(m)
(C:“_S) (‘F:o Sioe yoPe {DTH .EE‘I"PEDA"QCEJ.___-H
ey Ca B . D
a-b 5. 6 ool 2 4 "%s "09,1 "7,' =
_ o
. . ’ Ve 0’8
b-C 34.2 o.05 3 & "%.z °‘7/q,a /55
Cd 34,2 Toon $\0Fe_ Home Use ferdicd -c-\oud c;\u alion o
WZE o763 Q@ @ P= .08 W= 6.64t . o
d-+ 3% 205 =i 6 i Yer "Pleq
ef 424 .0z EN A Yehho o Ve o VMiaws
= l.l/ 0.8/ 0.6/
S-h 4z  0.03 2 7 A " 19
-L 4.3 0.0 31 4 "% 0'%4- e .
Q’S 7.8 Pown slope Flome vse Critical Flow Equcﬁﬁov\

W2 04986 Q @ D= o5&t WLt . -

Rev, 11/94 scale: 4 sq.finch

FO51/General



_ m ENVIRONMENT & CALCULATION SHEET pace 94 or_ U

INFRASTRUCTURE . PROJECT NO. 126 50.500 -
. CLIENT SKNER. PRP GRS SUBJECT \esremay \JaTeRedeD prepared By MM::;ate‘f/u/-vs
» : PROJECT-2¥2nlnsR. L ygpeitt, o A eviewed By m Date '°/q/,;
REMeEDAL DS N CAr LU AT IONS ' Approved By Date —_

:
P

Sweal < hopes S\zes o
c*'- = kP * \‘ML w.\‘L‘Q'\ e_vos'lo'\ Mn'\'*\'v\% )

3 A I.
swale a-b —rv«‘oc_z_a.m&c»\ [ / "/

*—H,———’

@vosion
' met
» 3 A ’
b-c T “PQZ_Q\AQ.\ M li/

-~ ——>

e
. ] Yipvo-p W 3
c-d 'hfcxfe. 2zo18al %\ f é ¢! 1"~
down slepe Hume '
-——
d-e  “Fvepezodal
¢V05I°V|
e -& TY&FJC_.ZQ'\JGJ NM“ ) | ‘-S/
A >
VO‘.Nur\ Md-.\-
"\ =9 ‘\'YQ—P&ZO;AO.\ W
- _ -

ﬁ

evosion ma T

‘L ."' S +w“’P¢-Za dal \ \ I/

o
-

V‘\Fro-p ’
3 1]
A-e Trepezedal w

A-.wn s(apr_ -“-low\c_ ‘-f' 5




Ce el 'l@g o
Revuewed By E&_ Da‘{e 1/ b ‘!5‘ :

L T SR
tae AR

Approved By Date i

PROJECT SKINMER LAMGEL,
—_—  REMeEDALDPesiaN

e e

/_\ (ast Fob-

Area

[ = (&7 ausx

Rev. 11/94 scale: 4 sq.f/inch FOS5 1/General



CLIENT SKu\EE. PRP GRooP _ SUBJECT CaE

PROJECT SMINNER. L ANDEILL %\)‘RP&M Reviewed Bvi@l Dat; lq’e hf
RemepinL. Pewignl CaanLations Approved By Date S

CALUUATE RUNGEE  Fows ondes hemmdn Memo>

Q= cia Cord- o g ‘ C’Mf eap
Z" du&%ﬂ_’m o “hnw OF Ccnco,&fa‘;gﬂ( L
AT area WA QM
— Cﬁ"‘*—pwk Llovo | %
Swale 4 -
G-b A o [ ¢'in 130 4 12" 3@ + 2! in 1oa
q 0 . MmN —_ Z min
L/DD =45
o] Co= e ()0 1.87) = 7.2 cfs
A
Swe a-p = Suele b-c: Jwale ¢d
" ka.v\ndJ Botto eloe:
N— S‘*JQ-\Q < \Co C‘:;:PV:—J E\f t w 'JMM -P‘?;J:Jéfé)a{;\le— \cc_dtv-iLP$>
(ese) W) 777 (&9 B < o
a-b 7.8 0.0 3: 1 "ot . L/ ° %\
b -c 7.8  downsbpe tlume vse o Fiead Clow cqucd‘;en
W2 04986 AR V= o055 W= H4FT
c-d 7.8 0,05 31 “ | O'%.% O‘('/2.3 O'SZ-‘ﬂ
< wale S"\G—PQ— 2 \<:°$;CM ot
ol Y o -d <o |.5/

b -y down s‘gr;c Home
Rev. 11/94

scale: 4 sq./inch

FO51/General



'Swale Sizing Using Vegetative Retardance Curves

. Set Design Data
Bottom Width (B) (ft)
Sideslope (Z:1)

Channel slope (S) (ft/ft)
Maximum Flow (Q) (cfs)
Retardance Curve (upper case)

Solve for Flow Depth (Y) ()] 0.63 |
V1 must be equal to or close to V2

Try Smaller Y

Aﬁu‘&,\g,j\- A
By:

IC Result_
Velocity 6.137621157
Calculations

Area (A) 6.2307

Hydraulic Radius (R) 0.519897841

Velocity (V1) 6.11809267

Product (V1 *R) 3.180783169

Velocity (V2) 6.157149644

Manning’s N 0.0405
Retardance Cover Condition
A - Very High Weeping Love Grass Excellent Stand, Tall (av 30 in.)
B - High Bermuda Grass Good Stand, Tall (av 12 in.)

Native Grass Mixture Good Stand, Unmowed

Weeping Love Grass Good Stand, Tall (av 24 in.)

Weeping Love Grass Good Stand, Mowed, (av 13 in.)
C - Moderate Crab Grass Fair Stand, Uncut (10 to 48 in.)

Bermuda Grass Good Stand, Mowed (av 6 in.)

Grass - Legume Mixture Good Stand, Uncut (6 to 8 in.)

Kentucky Bluegrass Good Stand, Headed (6 to 12 in.
D -Low Bermuda Grass Good Stand, Cut to 2.5 in. height

Grass - Legume Mixture Good Stand, Uncut (4 to S in.)
E - Very Low Bermuda Grass Good Stand, Cut to 1.5 in. height
SWALES.WK4 Page 1

BER.  Date: lo/¢cfas




* FACILITIES DEVELOPMENT MANUAL " Procadurs 13-10-5

TIME OF CONCENTRATION OF SMALL
.—.O
DRAINAGE BASINS .

H(FT.) e
— 500 .
= EXAMPLE Te (MIN.)
= 400 . 200
= 300 Height Hy = 200 Ft.
= Length Ly = 2500 Ft. 150
= RO Tey = 8 1/2; mod. to 10 min. 00
_,.Il_ — _mo// 80
— = 2
2
© 00 N > L(FT.)
W - ~N *A\\ 10,000 60
3 N \OA 50
oI 3
Qr // 40
e [ 950 5,000
=3 ™~ ZE 30
o ~ = E- 25
.a. — 30 Y 3,000 <
-3 & - 20
£ [ o Note: = ™% 000 E
m Use nomograph T. for natural [ A iJ 15
o |- basins with well defined channels, 1 LS00 N, 2
o for overland flow on bare o 8 .
5 = |0 earth, and for mowed grass road- = 1,000
QI side channels. © S 8
— =r For overland flow, grassed sur- & iy
s L faces, multiply T by 2. - > 6
- 5 For overland flow, concrete or 500 = 5
il 4 asphalt surfaces, multiply T. M- s
o by 0.4. S5 300
W [— 3 For concrete channels, multiply W 3
+ Tc by 0.2. 200
— 2 150 2
100
—
_
Based on study by P. Z. Kirpich,
Civil Engineering, Vol. 10, No. 6, June 1940, p.362
o/

oate. July 2, 1979 FIGURE 3 1ot 1



1 HITHTENE N . | puntiiel it Jae il
° Q® v v, o
~ - 0o o o o

NNON W34 SIHINT NI AJISNIENI VIvINIVY

Ll

]
o

e.0
6.0
cs
oe¢
o4
.02
200
13.0
10.0 =

100 :—-
a0 =

13.0

::__

-l

——

oy
18 24

::__—ﬁ HERRB L I | HIIUUuLULR \\\\

AN

g 12

ETNOO OF

4
HOURS

« AFTER GUMAEL

4

/i
V/ 4
AL
/
7/
/

‘(ﬁ\>\>\*;‘
\J\ N\’\ N

FREQUENCY ANaLYSIS By &

(<
DN
N
N
N
3

s 3
EREQUENCY ANALYSIS 8Y METMHOD OF
EXTREME VALUES., AFTER GUMBEL

EXTREME vaALUES

"
QJ
N'
NN
NN

N
N

N

2

AN

N
. N

:

|

|

|

ODURATION
coLuMBUsS, OHIO

1903 -¢931

) Y /]
* L)
o\v..o
[\

/

()
,n\
£

1903 =191

N
N
|
|
L1
|

| CINCINNATI, OHIO

f
|
l
|
I
36 « 060

N N
\
|
I

:
|
l
13 20
MINUTES

10

Q
Nq'\ \x\
™\
|
|
l
l

iy
o o ® v v N
~ - 0o o© o o
YNOH N34 SIMHINI NI ALISNIINI VIVINIVY m

SSNETRNNAN
—

=t ||

[ Vo
andBl [ L
—

= L

—4 11

==
\!

111

=} | |
< |

0.1 b=
0
.0
04

ol

20.0
3
(o]

20.0
15.0
10.0

—
8.0
6.0



R“ﬂ' Rust Environment & Infrastructure

CALCULATION SHEET PAGE ___OF
' PROJECT NO. _ 72680
CLIENT _S ¥ INER. SUBJECT Prepared By (€Y Date g//J/%
PROJECT : Reviewed By Date
Approved By Date

RIPerar DEeLIGA)
FoR

Ravw

~

O
Exis7Tino &

S7Ren

Rev. 11/94 scale: 4 sq./inch FO51/General



m Rust Environment & Infrastructure

CALCULATION SHEET PAGE _| OF
PROJECT NO. __ 72680
CLIENT _SK(unER. SUBJECT _reane Dgisn Prepared By (CV  Date 2_/2/4{,
PROJECT Reviewed By Date
Approved By Date __

OBIAELTIVE

BELIGN R iPRA® FoR2 BaJK SIDESLOPE  To
HAavD LEg 285 vEaAld S70RHM Ferows

GiuEad

— TYPicac. S7hénrn) COoSE SEcTion)

)5 e, || SipESLoPE | AVE . StopE = /.3
b/d_—_ —/e“—g_ :'2.5
/ f -~ ! A:(,_{)(Q)
\b:'s ' 4% @ -*-(é')(é) = 126+
— + - iy .-
L e e - BT a3 g

. A/wF’
Y- '?124q = 395

— Qzs = 17/62 cFs [Q“‘i?-]

LoD &

—  ASSumE  GruiN CeysS Léclao 18 77PN
— 25 9TEaQ DEYUEHY Froo

Rev. 11/94 scale: 4 sq./inch FO51/General



mm Rust Environment & Infrastructure

CALCULATION SHEET PAGE Z OF
ey PROJECT No. _ 72680
T cuent Swiwwee SUBJECT Rieene Desiar)  Prepared By _CCY  Date Y3 /4¢
PROJECT ' Reviewed By Date
) Approved By.____ Date

PPloceoued

= USE M e AS OFscGFC (~ P41z 5
/N ReFgprgoce T 4

CEFEREICES

—

i
D STARDACDS Fol Soi EReSION OND SEQIMAEIT ConTaeL
N ANEW TERSET ' NT SH7E Sal CodsaPIalo—
('dmm/77[[/ APeic 198/

2) CaLcunTe>  For " EsTimadiony OF TPebK — FREQUEILT-

- RELATIONS | FLooQ UYDRoGeENS | AND VOLUME - DURATION ~
FREQUEJCTY RELATIONS OF UNGAGED SMALL DRBAN

STREAMS N OHto“) OPEJ -~ FILE REPorT  13-135, VSsE,

/973

CoNLLVSIoR S

1

USE  RIPRAS si1ZEé  ds, = /6
THICENESS = 227 (OB Noen-1I0VED GESTEXTILE.

Rev. 11/94 scale: 4 sq.f/inch FO51/General



1 _ - I T - == e —_ =

m Rust Environment & Infrastructure

CALCULATION SHEET PAGE 3_ OF
A\ | PROJECT NO.
" cuent _SwwnEe SUBJECT | Prepared By CCV_ Date Z3/9
PROJECT Reviewed By Date
Approved By Date

OALLULA TIPS

lorrunigE  BRRAC Ao, size 70 R Pircio
Oro B A

Pz ETTEeD PELQINETEL P = 1YpoaviC RADIVS A
(s = 1762cFs He = 8. o =0, 123
S, - .37 = pve. scoer
IJ/Q /J 7/ 4
dep = 12(/19 R %) = /6.1 [eee# ()

‘N ovalbe Foc 167 =dse Tt = ©.odz

VSE ds, =16 R0eae 00  SIDESLoPE

Ex7Ears Reeac 3' BEYoND g To  BoFerl
OF CunJdNEL

Ticwsksz = 2 xdsg = B2 Trhex
I TH Ao ove) GESTEXTILE
SEPARNTOL.

Rev. 11/94 scale: 4 sq./inch FOS51/General



Aoﬁ

~4
@™
)
v
=3
-
o
™M
<
o
g
o~
ou
Y
a
u
9
Q.
~ 0
o~
s )
S L
N GN
O\L
S
g
2
m WC
Q ”
" 8
n
o
<
9
c
Eal
&3 3
o® '
g . ﬁ w
o ~ o
N— m = — %
MS e § r“uuw T n ol m %
et prbfere HL
md- = SEEESI R IE=E n.r .Mww a4
h B e Megs gyt P T b O
a = IR >
g 7 et . Ej@ o a
= TS < n M . .M
RN s s s m| oo P &
T
i
o T3 o o
O olm ~ E ~
FE § U (o]
T ol> N “w QO
il Zs o~ dN
— i1 i ) .m“m
[+4 o Q2,0
~ w o Q,
S
-
: [Ree #1))
Riprap 4.12.9 . :
R Revisad April 1987



| N B = - i ] T

‘ of

This procedure s based on the assumption that the channel Is already designed and the remalning

problem |s to determine the riprap size that would be stable in the channel, The designer would
flrst determine the channel dimensions by the use of Manning's equation, The "n" value for use ia
Manning's equation Is obtalned by estimating a riprap size and then determining the corresponding
"n"* value for the riprapped channel from n = 0.0395 dsgg '/6, where dgq Is In teet, or by using
Curve 4,12-1, below, where ds5q Is In fnches,

CURVE 4.12-1
MANNING'S "n" FOR RIPRAP-LINED CHANNELS

)

0 .

Q 0.05 ¢ 11} R T Ve gy g
E [~ _Lb ll; SILRRTITIONT T RRTIRRINNG 111101 | |

o~ 0.04 EEsRasascnnind e

3 S ==
x 9 = Ee=masasssass = I T

w U 0.03F =H

[—1

gu

- it t —ef—r
g8 i — =
£ —— :
-} 0.02 . e -

= 1 2 3 4 5 6 8 10 1" 20 30

Median riprap size, dSO. inches

¥When the channe! dimenslions are known, the riprap can be designed (or an already completed dasign
may be checked) as follows:

Trapezoidal Channels

1, Calculate the b/d ratio and enter Curve 4,12-2 to find the P/R ratlo,

2, Enter Curve 4,12-3 with S, Q, and P/R to find medlan riprap dfameter, dSO' for straight
channels,

3. Enter Curve 4,12-1 to find the actual "n" value corresponding to the d 0 from step 2, |t the
estimated and actual "n" values do not reasonably agree, snother trial must be made,

4, For channels with bends, calculate the ratio B /Ro' where B, Is the channel surfacas width and
R, Is the radlus of the bend, Enter Curve 4.15-4 and find ihe bend factor, Fg, Multiply the
dgg for straight channels by the bend factor to determine riprap size to be used in bends, If
fae dgg for the bend Is less than 1.1 times the dgy for the straight channel, then the size
for s?ralgh? channel may be used In the bend; otherwise, the larger stone sfze calculated for
the bend shall be used, The riprap shall extend across the full channel section and shali

oxtend upstream and downstream from the ends of the curve a distance equal to flve times the
bottom width, ’

S. Enter Curve 4,12-5 to determine maximum stable side siope of riprap surface, In Curve 4,612-5,
the side slope Is established so that the riprap on the side slope fs as stable as that on
the bottom, |f for any reason it Is desirable to make the s!de slopes steeper than what Is
given by Curve 4,12-5, the size of the riprap can be Increased and the slide slopes made
steeper by using the following procedures:

a, Compute dSO and maximum stable side slope as above,
t, Enter Curve 4,12-6 with the computed side siope to determine X for that side siope,
¢, Enter Curve 4,12-6 with the desired slide siope to determine XK',

d, Compute riprap size for desired slope by the formula:

1
450 L, «
50 10

[eee=i)

5, Maximum side slopes, 2:1,

Riprap 4,12,5 Revised April 1987
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FLOOD INSURANCE RATE MA

COUNTY OF

BUTLER,
OHIO

(UNINCORPORATED AREA

————

ELEVATION REFERENCE MARKS “

REFERENCE ELEVATION DESCRIPTION OF LOCATION
MARKS FEET {NGVD) PANEL 50 OF 155
{SEE MAP INDEX FOR PANELS NOT PRINTE
RM 64 585.76 Chiseled square on west side of northwest sbutment of Cresentville Road

bridge over Mill Creek.

RM 65 590.86 Top of north l~beam of west guardrail on Windisch Road bridge over
Mill Creek.
RM 66 609.46 Tap of east end of corrugated storm pipe located about 5480 feet east of the

intersection of Mulhauser Road and State Route 747,

RM 67 §95.37 Top of east boit on outside wooden track protector at northeast end of
intersection of Conrail Railroad and Rialto Road.

RM 68 595.15 E:;:;;;e:v:?:;:fclzcz?nheasl corner of northeast abutment of Rialto Road COMMUNITY'PANEL NUMBE'
390037 0050 |

RM 69 598.54 A chiseled square at northwest corner of northwest abutment of culvert under

Conrail, 55 feet northwest of State Route 747 at Mill Creek,
EFFECTIVE DATE
NOVEMBER 4, 198

federal emergency management agen
J faderal insurance administration
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EXPLANATION

—348U LINE OF EQUAL AVERAGE ANNUAL PRECIPITATION--Hachured lines
enclose areas of lesser precipitation. Interval is one—inch

Figure 8.--Average annual precipitation for Ohio for 1931-1980 (modified from Harstine, 1991).

Estimation of Peak-Frequency Relations
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BASIN-DEVELOPMENT FACTOR

FIELD NOTES

STATION NAME: E%f ;ow\ OF m“—b C PEEL.

LOCATION: _[nJEsT (’ueﬂfz; Buza.  1.D. NUMBER:

County
EVALUATOR: paTe_2/43/96
ASPECT THIRD CODE REMARKS
Lower (@)
Channel -
Improvements Middle |
Upper 0]
N .‘I Lo pRXARER
Lower | G
Channel -
Linings Middie ' C
Upper | '
Lower l ’
Storm -
Sewers Middle ‘ [
Upper [
Lower ‘ |
Curb & Guiter - '
Cirsets Middle | [ |
Upper ‘ \ \
BDF = -7

Figure 10.--Field note sheet for evaluating basin-development factor (BDF).

28

Estimation of Peak-Frequency Relations, Flood Hydrographs, and Volume-Duration-Frequency Relations
of Ungaged Smail Urban Streams in Qhio
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18-68 794%7 15
DRAINAGE 8 SEWERAGE -HYDRAULIC COMPUTATIONS- |

TN .
_ TABLE A-VALUES OF n, TO BE USED WITH KUTTER OR MANNING FORMULAS."

CONDITION
SURFACE
BEST QOO0 FAIR BAD
Uneoated cast-iron pipe. ... ..o oo o L 0.012 0.013 0.014 0.015
(‘outed cast-iron pipe.......... et 0.0t1 0.012* 0.013*
(‘ommercial wrought-iron pipe, black...... ... ... .. 0.012 0.013 0.014 0.015
Commercial wrought-iron pipe, galvanized. ... ... .. 0.013 0.014 0.015 0.017
Smooth bruss and gluss pipe................ .. .. ... . 009 0.010 0.011 0.013
Smooth lockbar and welded OD pipe....... ... .. 0.010 0.011* 0.013*
Riveted und apirul steel pipe.... ... ... .. ..., 0.013 . 0.015* 0.017* |
. . (0.010 A
Vitrified sewer pipe........ ... ... . 1“'0“} 0.013* 0.015 0.017
Cominon clay drainage tile. ... ........ ... .. ... ..... 0.011 0.012* 0.014% 0.017
" Glazed brickwork. ... ... ... ... ... ... ... ... ... 0.011 0.012 0.013* 0.015
Brick in cement mortar, brick sewers ... L 0.012 0.013 0.015* 0.017
Neat cement surfaces. .. ... ... ... ... ... ... 0.010 0.011 0.012 0.013
Cement-tortar wurfaces........... ... ... ... [ 0.011 0.012 0.013% 0.015
Concerete pipe............ ... ... ... ... 0,012 0.013 0.015% 0.016
Wood-stave pipe......... ... ... . ... 0.010 0.011 0.012 0.013
Plank flumes:
Planed. ..o 0000 o 0.010 0.012% 0.013 0.014
Unplaned. .. .. ... .. .. .. S 0.011 0.013* 0.014 0.015
With buttens. ... ... oo 0 L 0.012 0.015* 0.016
Concrete-lined channels...... . .... .. . .. .. .. . (1.012 0.014> 0.016#* 0.018
Cement-rubble surface. . ... ... ... ... ... ... ... .. 0.017 0.020 0.025 1.030
Dry rubble surface. .. .. ... 0.025 0.030 0.033 1.035
Dressed ashlaur surfaee. ... ... .0 . b 0.013 0.014 0.015 0.017
Semicireular metal lumes, smooth. ... oo 0.012 0.013 0.015
Semicircular metul flumes, corrugated. ... oL ! 0.0225 0.025 0.0275 0.030
— Canals and ditches:
Earth, straight and untform.............. .. ... .. 0.017 0.020 0.0225* 0.025
Rock cuts, smooth aned uniform. ... .. ... 0.025 0.030 0.033* 0.035
Rock ruts, jagged and irregulur. ... ... ... ... 0.035 0.040 0.045
Winding sluggish canals. . ... ... ... .. ... ... ... 0.0225 0.025% 0.0275 0.030
Dredged earth channels. ... . ... ... ... . .. ... 0.025 0.0275* 0.030 0.033
Cunals with rough stony beds, weeds on eurth hanks | 0.025 0.030 - 0.035% 0.040
Earth bottom, rubblesides. .. ....... .. ... ... ... 0.028 0.030¢ 0.033* 0.035
Natural streum channels:
1. Clean, straighe bank, full stage, no rifts or decn
POOIS. L e 0.025 0.0275 0.030 0.033
2. Same as (1), but some weeds and stones, ... 0.030 0.033 0.035 0.040
3. Winding, some pools and shoals, elean.......... .| 0.033 0.035 0.042 ().045
4. Same as (3), lower stages, more ineffective slope
and sections. ......... ... ... e 0.040 0.045 .050 0.055
5. Same as (3), some weeds and stones. ... 0.035 0.045 0.050
G. Same as (4), stony sections. . .................. .045 0.050 0.055 0.060
7. Sluggish river reaches, rather weedy or with very
deeppools. .. ... L 0.050 0.060 0.070 0.080
8. Very weedy reaches. ... ... ... . L. 0.075 0.100 0.125 0.150
1

Note: Asbestos-Cement Pipe(Transite) wse 0.0/0.

* Volves cormrmonl/y used i desigring,



FIRM

FLOOD INSURANCE RATE M

COUNTY OF

BUTLER,
OHIO

(UNINCORPORATED ARE,

ELEVATION REFERENCE MARKS 1

REFERENCE ELEVATION DESCRIPTION OF LOCATION
MARKS FEET (NGVD) l PANEL 50 OF ]55
YSEE MAP INDEX FOR PANELS NOT PRINT

AM 64 585.76 Chiseled square on west side of northwest sbutment of Cresentville Road
bridge over Milf Creek. {
RM 65 590.86 Top of north I-beam of west guardrail on Windisch Road bridge over L ‘" {
Mill Creek. i
‘ i
RM 66 609.46 Top of east end of corrugated storm pipe {ocated about 6480 feet east of the

intersection of Muthauser Road and State Route 747,

RM 67 585.37 Top of east bolt on outside wooden track protector at northeast end of
intersection of Conrail Railroad and Rialto Road.

RM 68 595.15 Chiseled square in northeast corner of northeast abutment of Rialto Road
bridge over Mill Creek.

COMMUNITY-PANEL NUMBI~
390037 0050

EFFECTIVE DAT
NOVEMBER 4, 19

RM 69 598.54 A chiseled square at northwest corner of narthwest shutment of culvert under “
Conrail, 85 feet northwest of State Route 747 at Mill Creek.

A
|

federal emergency management age;
fadoral insurance administration 1

o
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EXPLANATION

——348U | INE OF EQUAL AVERAGE ANNUAL PRECIPITATION--Hachured lines
enclose areas of lesser precipitation. Interval is one~inch

Figure 8.--Average annual precipitation for Ohio for 1931-1980 (modified from Harstine, 1991).

Estimation of Peak-Frequency Relations
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BASIN-DEVELOPMENT FACTOR

FIELD NOTES

STATION NAME: E%’f ;oaL OF H“—L, C e

LocaTioN: _es? Cugsaed, Burd2 1D NUMBER:

Counry
EVALUATOR: DATE: z/3/9%
ASPECT THIRD CODE REMARKS
Lower | @)
Channel -
[mprovements Middle | |
Upper I O |
Lower O l
Channel -
Linings Middle l C |
Uppee | O
Lower j
Storm 3
Sewers Middle | |
Upper ' |
= — 1. T T T T T R
Lower | | I
Curb & Gutter - i
Sireets Middle | , |
Upper | \ |
BOF = l

N

Figure 10.--Field note sheet for evaluating basin-development factor (BDF).

28

of Ungaged Small Urban Streams in Ohio

Estimation of Peak-Frequency Relations, Flood Hydrographs, and Volume-Quration-Frequency Relations
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8—68 Suee? /.5'
DRAINAGE & SEWERAGE-HYDRAULIC COMPUTATIONS- |
=
TABLE A-VALUES OF n, TO BE USED WITH KUTTER OR MANNING FORMULAS
CONDITION
SURFACE
BEST GOoOoD FAIR BAD
Unconted cast-iron pipe. ..o oo .. 0.012 0.013 0.014 0.015
(“outed cust-iron pipe.......... ettt 0.011 0.012% 0.013*
C'ommercial wrought-iron pipe, black................ 0.012 0.013 0.014 0.015
Commercial wrought-iron pipe, galvanized. ... ... .1 0,013 0.014 0.015 0.017
Smooth bruss and gluss pipe............. ... ..., 0.004 0.010 0.011 0.013
Smooth lockbar and welded OD pipe....... ... .. 0.010 0.011=x 0.013%
Riveted and spiral steel pipe.... ........... ...... 0.013 . 0.015= 0.017*
Vitrified sewer pipe ‘0'010} 0.013= 0.015 T '
....................... 1('.011 . 015 0.01% |
(tuminon clay drainage tile................ ... .. ... 0.011 0.012= 0.014% 0.017
Gluzed brickwork. ......... ...l 0.011 0.012 0.013% 0.015 -/
Brick in cement mortar, brick sewer<. ..o o oL 0.012 0.013 0.015% 0.017
Neut cement surfaces. ... ... .. ... ... L. 0.010 0.011 0.012 0.013
Cement-mortar surfaces. ... .. ... ... ... ... .| o0.011 *0.012 0.013* 0.015
(loncrete pipe............ . ... ... oo 0.012 0.013 0.015#% 0.016
Wood-stave pipe............ ... ... ... 0.010 0.011 0.012 0.013
Mank flumes:
Planed. ... oo 0.010 0.012# 0.013 0.014
Unplaned. .. ... 000 . 0.011 0.013* 0.014 0.015
Withbuattens. . ... .. ... ... ... ..., 0.012 0.015% 0.6
Concrete-lined channels...... . ... e 0.012 0.014> 0.0106* 0.018
Cement-rubble surface...... ... ... ... ... oL 0.017 0.020 0.025 0.030
Dry rubble surface. ..o oo oo o 0.025 0.030 0.033 .035
Dressed ashlar suefaee. ..o o000 i 0.013 0.014 0.015 0.017
Semicireular metal flumes, smooth. .00 0L I 0.011 0.012 0.013 0.015
Semicirenlar metal lumes, corrugated. ..o o0 L ! 0.0225 0.025 0.0275 0.030
Canalys and ditches: o/
Farth, straight and undform. ............ . ... ... 0.017 0.020 0.0225* 0.025
Roek cuty, smooth and uniform. ... ... ... ... . .. 0.025 0.030 0.033* 0.035
Roek euts, jugged and irregular.. ... ... .. ... L. 0.035 0.040 0.045
Winding sluggish canuls. . ... ... ... ... ... .. 0.0225 0.025* 0.0275 0.030
Dredged earth channels.......... ... ... ... .... 0.025 0.0275* 0.030 1.033
Cunals with rough stony beds, weeds on eurth hanks | 0.023 0.030 . 0.035% 0.040
Earth hottom, rubblesides................ ... ... 0.028 0.030¢ 0.033% 0.035
Natural stream channela:
1. Clean, straight hank, full stage, no rifts or deeon
P00 e e e 0.025 0.0275 0.030 0.033
2. Sawme as (1), but some weeds and stones. ... .| 0.030 0.033 0.035 0.040
3. Winding, some pools and shouls, elean...........| 0.033 0.035 0.040 0.045
4. Same as (3), lower stages, more ineffeetive slope
and seetions. . ... .............. e 0.040 0.045 0.050 0.053
o 5. Same as (3), some weeds and stones.......... .. | 0.035 0.045 0.050
6. Same ay (4), stony sections. . ....... ... ... 0.045 0.050 0.055 0.060
s 7. Sluggish river reuches, ruther weeily or with very
deeppools, .. ... ... . i 0.050 0.060 0.070 0.080
8. Very weedy reaches, ..o oo o o L 0.075 0.100 0.125 0.150
]
Note: Asbestos-Cement Pipe(Transite) wse 0.0/0.
X Unlioe cormmonlt vsed /irn Jdesiomira.
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1.0 INTRODUCTION AND PURPOSE

This report describes potential jurisdictional wetlands located at the Skinner Landfill. The wetland
studies were conducted in conjunction with remediation activities at the site in compliance with
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) since
Skinner Landfill is listed on the National Priority List (NPL).

A field identification and delineation was conducted at Skinner Landfill to determine if any
wetlands would be impacted by remediation efforts planned at the site. Field work was conducted
October 2 and 5, 1995 by Rust Environment & Infrastructure Inc. (Rust) on behalf of the Skinner
PRP Group. Where potential wetlands were identified, the wetland-upland boundaries were
delineated and mapped based on the three mandatory criteria outlined in the 1987 U.S. Army
Corps of Engineers (USACE) Wetlands Delineation Manual. The acreage of the identified
wetlands were calculated from surveyed locations of the wetland boundary points.

Presented in this report is information on the site, background sources reviewed, field
investigation procedures, and the results of the wetland delineations.

kac/rb/wer72680.rpt 1 November 1995
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2.0 SITE BACKGROUND INFORMATION
2.1 SITE LOCATION AND DESCRIPTION

Skinner Landfill is located in West Chester, Butler County, Ohio, approximately 15 miles north
of Cincinnati. The site is located in Township 3, Section 22, Range 2 and occupies approximately
80 acres, of which approximately 35 acres were used for waste disposal (Figure 1).

The site is bordered to the north by woodlands, a U.S. Postal Service branch office, and some
residential housing. The East Fork of the Mill Creek crosses the southern end of the property,
flowing primarily from east to west, and a small tributary, locally known as "Skinner Creek”
crosses the eastern half of the property flowing from north to south. Cincinnati-Dayton Road,
residential homes and commercial properties border the site to the west. To the east are railroad
tracks, a utility line right-of-way, residential areas and woodlands. To the south are residential
homes and undeveloped land.

The site is located in a highly dissected area that slopes from a till-mantled bedrock upland to a
broad, flat-bottomed vallcy that is occupied by the main branch of Mill Creek. Elevations on the
site range from a high o! :.early 800 feet above mean sea level (msl) in the northeast to a low of
645 feet msl near the confluence of Skinner Creek and the East Fork of Mill Creek.

2.2 SITE HISTORY

The property was originally developed as a sand and gravel mining operation, and was
subsequently used as a landfill from 1934 to 1990. According to EPA studies, materials deposited
at the site include demolition debris, household refuse and a wide variety of chemical wastes. The
waste disposal areas include a now-buried waste lagoon near the center of the site and a landfill.
According to EPA studies, the buried lagoon was used for the disposal of paint wastes, ink wastes,
creosote, pesticides, and other chemical wastes. The landfill area, located north and northeast of
the buried lagoon, received predominantly demolition and landscaping debris.

In 1976, the Ohio EPA initiated an investigation of the site in response to reports of a black oily
liquid that was observed during a fire call to the site. Before the Ohio EPA could complete the
investigation, the landfill owners, the Skinners, covered the lagoon with a layer of demolition
debris. Mr. Skinner further dissuaded the Ohio EPA from accessing the site by claiming that
nerve gas, mustard gas and explosives were buried in the landfill. The Ohio EPA requested the
assistance of the U.S. Army after obtaining this information. Mr. Skinner later retracted his
statements concerning buried ordnance, and a 1992 Army records review revealed no evidence

kac/rb/wet72680.rpt 2 November 1995
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of munitions disposal at the site.

In 1982, the site was placed on the National Priority List by the USEPA based on information
obtained during a limited investigation of the site that indicated groundwater contamination had
occurred as a result of the buried wastes. In 1986 a Phase I Remedial Investigation was conducted
that included sampling of groundwater, surface water, and soil as well as a biological survey of
the East Fork of Mill Creek and Skinner Creek. A Phase II Remedial [nvestigation was conducted
from 1989 to 1991 and involved further investigation of groundwater, surface water, soils .and
sediments. A Feasibility Study was completed in 1992.

2.3 BACKGROUND SOURCES

Various sources were obtained and examined prior to and concurrent with the wetlands field
evaluation. The sources that were utilized in this effort are listed below:

° USGS 7.5-Minute Glendale, Ohio Topographic Quadrangle Map

U.S. Department of the Interior National Wetland Inventory Map: Glendale, Ohio
Quadrangle (Draft)

Site Engineering Plans

Aerial photograph dated April, 1993

Butler County Soil Survey

Hydric Soils List for Butler County, Ohio

National List of Plant Species that Occur in Wetlands: Ohio

1987 USACE Wetlands Delineation Manual

2.4 THREATENED AND ENDANGERED SPECIES

The occurrence of endangered or threatened species was evaluated as part of this project. Both
the Ohio Department of Natural Areas and Preserves and the U.S. Fish & Wildlife Service
(USFWS) were contacted regarding endangered or threatened species located at or within a one-

mile radius of the site. No occurrences of any threatened or endangered species have been
recorded for the area of concern.

The USFWS did advise that the project area is within the range of two federally endangered
species: Indiana Bat and Running Buffalo Clover. Observations were made at the site during the
October field reconnaissances for suitable habitat for these species, such as large trees with
exfoliating bark (for Indiana Bat) and semi-shaded, slightly disturbed areas (for Running Buffalo
Clover). No such trees were observed at the site that would be suitable roosting habitats for
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Indiana bat; however, potential habitat was observed in various areas for Running Buffalo Clover.

Correspondence regarding threatened and endangered species is included in Appendix I.

kac/rb/wet72680.rpt
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3.0 METHODS

Biologists from Rust conducted a field study of the site on October 2 and 5, 1995. The purpose
of the study was to conduct a wetlands delineation of the property in order to identify potential
wetland areas that might be adversely impacted by landfill remediation activities. Potential
wetland areas were initially identified using aerial photographs and topographic maps of the site.
The site was then field checked during the October site reconnaissance.

The wetlands delineation was conducted following the methods described in the 1987 Corps of
Engineers Wetlands Delineation Manual. As such, strategic points along the wetland-upland
boundaries were marked with engineering field tflagging at approximate 35-foot intervals. The
boundary points were determined using the routine level analysis and included an evaluation of
the wetland vegetation, soils, and hydrologic indicators along the wetland-upland interface. All
field notes and site observations were recorded on copies of Data Form 1 from the Wetlands
Delineation Manual. These field Data Forms are included as Appendix II. The flags were then
locked into the site topographic grid by J.T. King & Co., Inc., professional surveyors, who also
determined the acreage of each area as indicated on Figure 2.

The vegetation was assessed for dominant species in the tree, shrub, and herbaceous layers of each
community type. The percentage of aerial cover was visually estimated for the dominant species
in each wetland area. The indicator status ot dominant species in each community type was
recorded. When more than 50 percent of the dominant species within a community were
categorized as being obligate, facultative wetland and/or facultative species, the hydrophytic
vegetation criterion was met.

The presence or absence of hydric soil was assessed at the site by means of digging a soil pit to
depths of approximately 16 inches. The soil was then examined for hydric indicators. The soil
sample locations were selected by examining the extent of wetland vegetation, the
presence/absence of hydrologic indicators. and by topographical characteristics. Soil descriptions.
including Munsell soil color. texture, moisture content. special teatures and horizon designation
were recorded.

Hydrology was evaluated by the observation of surficial hydrologic indicators (such as drainage
patterns, water marks, stained leaves, etc.) or by water level measured in the soil pits.

kac/rb/wet72680.rpt 5 November 1995
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4.0 RESULTS

Results for the wetland delineation are summarized below and in Table 1. Photographs of the
areas are provided in Appendix III. Locations are presented on Figure 2.

4.1 AREA A

Area A is located directly north of the landfill (most of this area is located outside of the landfill
property) and is locally known as the "Duck Pond." This area is in a small topographic
depression and is approximately 0.31 acres. There was no standing water at the time of the site
visit; however, standing water was visible in the aerial photographs that were reviewed. The area
is shown on the draft National Wetland Inventory (NWI) Map as a palustrine, unconsolidated
bottom, intermittently exposed, excavated wetland. A copy of the NWI map is presented as
Figure 3. Species observed in the wetland area included whitegrass, cocklebur, sycamore,
American elm and black willow. The wetland indicator status of each of these species (as
classified by the USFWS) is provided in Table 2. All of these species are adapted for wet
conditions.

Soils in this area are clas: ‘fied by the U.S. Department of Agriculture (USDA) Natural Resources
Conservation Service (NRCS) of Butler County. Ohio as either Wynn silt loam or "gravel pits".
A copy of the soils map for the site is provided in Appendix [V. Wynn silt loam is listed as a
non-hydric soil with hydric components in seeps. In the field, the soils were determined to be an
olive gray (5 Y 4/2 as compared to Munsell soil color charts) silty loam with sharp contrasting
yellowish red (5 YR 5/8) mottles. The standardized Munsell soil colors are identified by three
components: hue, value and chroma. Soils with chromas of two or less are often diagnostic of
hydric soils and soils that have a low chroma matrix and brightly colored mottles are often
indicative of periodic water inundation.

Evidence ‘of wetland hydrology was observed at this location with saturated soils, water marks on
trees and sediment deposits being the primary hydrologic indicators.

4.2 AREA B

Area B is located along the eastern perimeter of the landfill, just outside of the limits of waste.
This area is a low spot along a perimeter fence road and is approximately 0.063 acres in size.
This area was not indicated as a wetland on the NWI draft map; however, .. would be classified
as a palustrine, forested, broad-leaved deciduous, temporarily flooded wetland according to the
USFWS. Dominant plant species observed in this area consisted of Japanese honeysuckle,
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pawpaw, swamp white oak, sycamore, spotted touch-me-not, clearweed, sugar maple and white
snakeroot. Of these dominant species, 50 percent are considered to be hydrophytic plants.

Soils in this area are also classified by the NRCS as Wynn silt loam and gravel pits. Results of
a soil test pit dug at this location to a depth of approximately 16 inches showed that the soil
consisted of a very dark grayish brown (10 YR 3/2) silty, sandy loam from O to 6 inches and a
light olive brown (2.5 Y 5/4) clayey sand from 6 to 16 inches. No mottling was observed.
Because of the sandy texture of this soil and the distinct color change at the 6 inch depth, this soil
was considered to be hydric since the dark colored top layer is thought to be the result of a high
organic matter content in the sandy soils.

Evidence of wetland hydrology was observed with surface water drainage patterns in the wetland
the primary indicator.

4.3 AREA C

Area C (0.018 acres total) is composed of three small, separate areas all located south of the East
Fork of Mill Creek (south of the landfill). These areas are not marked as wetlands on the draft
NWI map, but would be characterized as palustrine. forested, broad-leaved deciduous, seasonally
flooded wetlands. Each of the small areas are bowl-shaped depressions, with a large amount of
leaf litter accumulated in the bottom of the topographic low. At the time of the site
reconnaissance, two of the areas contained standing water. Dominant species in these locations
included sycamore, clearweed, and red elm; all hydrophytic species.

The soils in this area are also classified by the NRCS as Wynn silt loam. A soil test pit was dug
to approximately 12 inches at two of these locations. Soils encountered consisted of primarily
decomposed leaves (like a peat) to a depth of approximately 12 inches.

The primary indicators of wetland hydrology observed for these areas were standing water, water
stained leaves, water marks on trees and drainage patterns.

4.4 AREAD

Area D is located southwest of landfill boundary. just north of the East Fork of the Mill Creek.
Area D is approximately 0.03 acres in size and. although not indicated on the draft NWI map,
would be classified by the USFWS as a palustrine, emergent. temporarily flooded wetland.
Dominant species consisted of New England aster, small white aster, tall goldenrod. eastern
cottonwood saplings. tick-trefoil, and teasel. The majority of these species are facultative species.
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Soils in this area have been significantly altered by landfill and other earth-moving activities in
this area; therefore a natural soil profile does not exist in this area. Although this area has been
disturbed, it is believed that the soils in this area are functioning as hydric soils and will develop
the hydric characteristics over time. This conclusion is based on the existing vegetation and
surface water run-off patterns in this area.

Standing water was observed during the site reconnaissance with other primary indicators of
wetland hydrology being sediment deposits on the herbaceous vegetation and local drainage
patterns.

4.5 AREA E

Area E is located west of the landfill boundary and east of the "Diving Pond” in an area used to
store various scrap items including metal, hoses, appliances, car and truck parts, aluminum siding,
and wire. This area is not indicated on the draft NWI map; however, it would probably be
considered a palustrine, scrub-shrub, broad-leaved deciduous, temporarily flooded wetland. The
area is approximately 0.26 acres in size and is dominated by black willows in the overstory and
New England aster, sedges, and rushes in the herbaceous layer (all hydrophytic species).

As in Area D, the soils 1 this area have been significantly disturbed by various earth-moving
activities and therefore were not profiled in the field. Primary indicators of wetland hydrology
included inundation, soil saturation, water marks on trees and drift lines.

4.6 ADDITIONAL AREAS EVALUATED

Other areas were evaluated at the site that did not meet all three criteria of a wetland. These areas
included the intermittent streams and surrounding lands directly south of the landfill area and areas
of topographic lows on the landfill proper and areas that may be impacted by proposed

remediation (such as borrow areas). The limits of the wetlands investigation are shown on Figure
-

-
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5.0 FUNCTIONAL ANALYSIS

As part of the wetland delineation, a qualitative functional analysis was conducted for identified
wetlands at the site. Because of the small size, isolation and temporary nature of each of the
identified wetlands, the functions provided are severely limited. In general, each of the wetland
areas provide limited wildlife habitat, floodflow alteration (i.e., retention of storm flows), nutrient
removal and transformation. The larger wetland areas (Wetlands "A" and "E") would provide
a more important role in these functions, although, as stated earlier, given the small size of each
of these areas, the functions provided are limited.

kac/rb/wet72680.rpt 9 November 1995



e

Wetland Delineation Report
Skinner PRP Group
Skinner Landfill

6.0 SUMMARY

Based in observations made in October 1995, Rust identified five potential wetland areas at
Skinner Landfill that may be impacted by planned remediation activities. These areas total
approximately 0.68 acres, as shown on Figure 2 and are primarily palustrine emergent and
forested wetlands. The wetlands identified are located primarily around the perimeter of the
landfill. Each of these areas met all three criteria of a wetland, specifically, wetland vegetation,
soils and hydrology.
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TABLE 1

SUMMARY OF WETLAND AREAS
AT SKINNER LANDFILL

AREA ~~ ACREAGE = USFWS CIASSIFICATION =
A 0.31 Palustrine, unconsolidated bottom,
intermittently exposed, excavated wetland

B 0.063 Palustrine, forested, broad-leaved deciduous,
temporarily flooded

C 0.018 Palustrine, forested, broad-leaved deciduous,
seasonally flooded

D. 0.03 Palustrine, emergent, temporarily flooded

E 0.26 Palustrine, scrub-shrub, broad-leaved
deciduous, temporarily flooded
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TABLE 2

VEGETATION SPECIES AND THEIR NATIONAL

WETLAND INDICATOR STATUS

. N Scientific N S "
American Elm Ulmus americana FACW-
American Three-Square Scirpus americanus OBL
Black Willow Salix nigra FACW
Clearweed Pilea pumila FACW
Cocklebur Xanthium strumarium FAC
Cottonwood Populus deltoides FAC
Japanese Honeysuckle Lonicera japonica FAC-
New England Aster Aster novae-angliae FACW-
Pawpaw Asimina triloba FACU+
Red Elm Ulmus rubra FAC
Sedges Carex sp. FACW
Small White Aster Aster vimineus FAC
Spotted Touch-Me-Not Impatiens capensis FACW
Sugar Maple Acer saccharum FACU-
Swamp Chestnut Oak Quercus michauxii FACW
Sycamore Platanus occidentalis FACW-
Tall Goldenrod Solidago altissima FACU-
Teasel Dipsacus sylvestris NI
Tick-Trefoil Desmodium sp. FAC
Whitegrass - Leersia virginica FACW
White Snakeroot Ageratina altissima FACU-
*Status:
UPL = Occur almost always (>99%) in nonwetlands
FACU = Usually occur (67% - 99%) in nonwetlands, but occasionally found
in wetlands '
FAC = Equally likely to occur in wetlands or nonwetlands (34% - 66%)
FACW = Usually occur (67% - 99%) in wetlands, but occasionally found in
nonwetlands
OBL = Occur almost always (>99%) in wetlands
NI = No Indicator Status Assigned
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George V. Voinovich « Governor
Donald C. Anderson * Director

g
August 30, 1995

Karen A. Fields

Rust Environment & Infrastructure Inc.
11785 Highway Dr., Ste. 100
Cincinnati, OH 45241

Dear Ms. Fields:

After reviewing our Natural Heritage maps and files, I have
found that the Division of Natural Areas and Preserves has no
~~~~~ vA~ ~Af wava ereriea in the vicinity of the Skinner Landfill,

Glendale Quad., Union Township, Bulter County (Project #72680.200) .

There are no existing or proposed state nature preserves oOr
scenic rivers at the project site. We are also unaware of any
unique ecological sites, geologic features, breeding or non-
breeding animal concentrations, champion trees, or state parks,
forests or wildlife areas in the project vicinity.

Our inventory program has not completely surveyed Ohio and
relies on information supplied by many individuals and
organizations. Therefore, a lack of records for any particular
area is not a statement that rare species or unique features are
absent from that site. Please note that we inventory only high-
quality plant communities and do not maintain an inventory of all
Ohio wetlands.

Please contact me at (614) 265-6409 if I can be of further

assistance.
Sincerely, ‘K

Treva J. Knasel
Ecological Analyst
Division of Natural Areas & Preserves

32 HECYULIT rapEs Fountain Square ¢ Columbus. Ohio 43224-1387
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United States Department of the Interior |

FISH AND WILDLIFE SERVICE
- Ecological Services
6950-H Americana Parkway T
Revnoldsburg, Ohio 43068

IN REPLY REFER TO:

October 6, 1995

Ms. Karen Fields

RUST Environment and Infrastructure
11785 Highway Drive, Suite 100
Cincinnati, Ohio 45241

Dear Ms. Fields:

This responds to your request for information about endangered species that
may occur in the vicinity of the Skinner Landfill, Butler County, Ohio. These
comments have been prepared under the authority of the Endangered Species Act
of 1973 as amended.

ENDANGERED SPECIES COMMENTS: The Skinner Landfill in Butler County, Ohio lies
within the range of the Indiana bat and running buffalo clover, federally
listed endangered species. Should your information indicate that these, or
other, federally listed endangered or threatened species have been or will be
affected by project activities, please reinitiate consultation with this
office.

Two divisions of the Ohio Department of Natural Resources, the Division of
Wildlife (DOW, 614-265-6300) and the Division of Natural Areas and Preserves
(DNAP, 614-265-6472), maintain lists of plants and animals of concern to the
State of Ohio. If you have not already done so, please contact each of these
agencies to obtain site-specific information on species of state concern.

If you have questions or we may be of further assistance in this matter please
contact Mr. Bill Kurey of this office at 614-469-6923.

incerely,
fs o

Kent E. Kroonemeyer
Supervisor
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Division of Wildlife

1840 Belcher Drive, Cohumbus, Obrio 43224-1329 « 614-265-6308 « Michael J. Budzik, Chief

November 29, 1995

Rust Environmental & Infrastructure Inc.
11785 Highway Drive, Suite 100
Cincinnati, OH 45241

Attn: Karen Fields

RE: Skinner Landfill, Project No. 72680.800
Dear Ms. Fields:

This letter is in response to your request for threatened and endangered species consultation
on the above referenced project. The ODNR, Division of Natural Areas & Preserves maintains
the Ohio Natural Heritage Program, which is the state’s most comprehensive source of
information on the location of listed flora, fauna, and unique natural areas. Your request has been
forwarded to their office for response.

Should you become aware of the presence of a listed animal species in the project area, the
Division of Wildlife is availabel to provide guidance on avoiding or minimizing impacts to the
population and/or habitat. If you should need further assistance feel free to contact my staff
member, Bob Fletcher, at the number listed above.

Sincerely,

SN

ohn H. Marshall
nvironmental Affairs Specialist

cc: Patncia Jones, DNAP

C:ECORES23



DATA FORM :
ROUTINE WETLAND DETERMINATION
(1987 COE Wodaqu Delinsation Manual)

Project/Site: - C k(nruA Landf U‘ Date:
Applicant/Owner: __ SkommsA PRPs County:
Investigator: ) | Pederson State:

Do Normal Circumstances exist on the site? (Yes) Community 10:
Is the site significandy disturbed {Atypical Situation)? Ne Transect |D:
Is the area a potental Problem Area? Plot 1O:

(If needed, explain on reverse.)

VEGETATION
Qominant Plant Sgecies Strarum Indicatoe Qominant Plant Scecies Straturm  Indicator
1. Leersia virginica Lkrh FACW 9.

2 xaﬂ%igm humaciam Hi':& FAC | 1.
3. Eimnus OCU&M"QA’L'; I(‘Lﬁ Eﬂg,bu" 11.
o_Ulows amecegna  Tree FACW- |12

s. Salix picea Tree  FACWY| 13,
Loy
6. 14,
1s.
16.
Percent of Dominant Species that sre OBL, FACW or FAC '
100 7o

{excluding FAC-).

Remarks:

Al Nj&o\)k,«ﬁbc seu,ita domuna nt,

HYDROLOGY

—Recorded Dets (Descrite in Remarks):
— Stream, Lake, or Tide Geuge Primary Indicaters:
/ — Aetial Phetographs — INUNdsted
. Otther atuseted in Upger 12 Inches
V__Na Recorded Data Aveiable Water Merks - om
Unes
Sediment Oeposits
Field Qbservedons: — Drsinage Ptterns in Wedands
) Secondary Indicators (2 or mare required):
Oepth of Surface Water: ’ Gnd —_ Oxidized Root Channels in Upper 12 Inches
- — Water-Stained Leaves
Oepth to Free Water in Pit: nd —Local Soil Survey Data
- " — FAC-Noutral Test
Oepth te Setursted Sed: ’”I} nl . Other (Explein in Aemarks}
Romerks: Mtu macks on  trees for }Vﬁ"\ wetn mark . Senls
sitwatd  can swee,

L~y



Field Observetions

Map Unit Name . : 2 / .

(Series and Phase): lﬂﬂnn aild lpam [ Gravel wks  Crsinage Case:
{

Confirm Mapped Type? Yes No

Texanomy (Subgroupi:

§ Profils Descriotion; ) o
Depth : Matrix Calor Martue Colory Mottde . Texture, Concredons,

| Gnehes) Morizon . [MunsellMoisy (MunsellMeist | AbundenceiCommrast  Stryerure, otc,
0" A/B _5Yu _SYRSR  5pR/Swep Siby lye

Mydric Soil Indicstors:

- Histosol = Concredions
— Histic Epipedon - High Grganic Cantent in Surface Layer in Sandy Sails
— Sulfidic Oder — Qrgenia Stresking in Sendy Soils
Quic Moisturs Regime on Local Hydric Soils List
Y Reducing Canditions : . Listed on National Hydric Soils List
— Gleyed or Low-Chrema Colers — Other {Explain in Remarks) -

Romarks: w@m silt loam 15 Lstd as o nen-Mpnc eals s/ hueic: components
‘ msugb ) S Tlhis area s shzl/\}(\:’ bow »S“qu{.

WETLAND DETERMINATION

Hydrophytic Vegetation Present? ‘n (Circie) {Circle)

Wetand Hydrology Present? (Yax S Ne
Ne ls this Samgling Point Within @ Wetand? @ No

e

Hydric Soils Present? p

C v ‘ dcrmnhn*‘; WML marks on ‘{'r\ué

vodie taundation: + LW matax chroma

;
thdcahnZ E
ol AL m\%% et ouctiles.
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Project/Site: :
ApplicanyOwner: _ Skinnec PRPs
| Investgator: K B

DATA FORM :
ROUTINE WETLAND DETERMINATION

(1987 COE Wetlands Delineation Manual)

Date: (10/2/4S

Steoper Landfl)

Do Normal Circumstances exist on the site? ]

Is the site significandy disturbed {Atypical Situation)?

Is the area a potental Problem Area?
(If needed. explain on reverse.)

State: __ O

o | Community ID:
Transect 1D:
Yes Plot 10:

VEGETATION
Dominant Plant Soeciey Strorum _ Indicstor Qominant Plant Scecies Scratum _ Indicator
1._Loni 400N Shab  EAC- | o
2 Asimino yiloba Shrubo . EACUY | 10,
3. Quercus michaugil (;M%’ facw. | 1.
o Datrnus occiduntalis  TThre © EAQDT | 12,
. ' asts  Hedp  ERCW |13
8. Otleg_"p\un\\a. &I’.b !.a '\ 14,
7. Acec \ﬂgkarum leeg  FACULT | 18
'o_Aﬁ@&' ina,plbiggma &rb f m - 16,

Percent of Dominant Species that sre OBL, FACW or FAC
(excluding FAC-).

507

— Recorded Data (Describe in Remarks):

Streamn, Lake, or Tide Geuge

RS aveioie

Depth of Surface Water:
* Depth t0 Free Water in Pit:

Oepth te Senursted Seil:

Fleid Qbservedons:

|

Wetend Hydrolegy indicators:
Primary Indicaters:
. lnundated
< Satureted in Upper 12 Inches
. Water Morks
. Drift Lines

— Sédiment Deposits
Orsinage Patterns in Wedands

Secondery Indicators (2 or mare required]:

. Oxidized Root Channeis in Upper 12 Inches
Water-Stained Lesves
Locel Soi Survey Data
FAC-Neutral Test
Other (Explein in Remarks)

wh no cuﬂ)arcr\‘\' eudlet.

Ramekss, . roo ety depession - cecaves runobE Brome-all-dere chions -~~~ f o -

te



SOILS

Masp Unit N
(SO-'i.;':ﬂd:::!l): Ainn =i 4 ‘DCLM /iﬁ“a\lex DH'S Orainage Class:
J ' ! Fisld Observetions
Taxonamy (Subgroup): Confirn Mapped Type? Yes No
Profile Qescrigtion: . 1
Oepth Matrix Color Marde Colors Morte Texture, Concrations,
{inchesl MHernizen {Muyngeil Moist) {Munsell Maist) Abundance/Contrast §. trycture, etc.
Dl AR 10¥R3[2  _ New NA 5il l
Lo D 2595/ _ Mo NA Qg sind

Hydric Sol Indicetors:

- Histasol 7ﬁmm
« Histc Egipedon 2 Migh Organic Content in Surface I.ayn in Sandy Soils
< Suifidie Oder Otom Siresking in Sandy Soils
— Aquic Moisture Regime — Usted on Local Hydric Sois List
Aeducing Conditions — Ustd on Nadonal Mydric Soils List
— Gleyed or Low-Chroma Colors — Other (Expisin in Remarks) -

Remarks: b-‘shr{cf color change Fom dop LT o ruxt (6-16"). 6=16" porhen
n -\'<L‘\'\U‘f. Sume Cofor o %P (dare brown) s tesult of
Urfaar)«c cordent Savxsxﬂ Soils. ,

WETLAND DETERMINATION

Hydrophytic Vegetation Present? (“Yas ) Ne  (Ciecle) (Circle)
Wetand Hydrolegy Present? Y53 Ne
Hydric Soils Present? Ne ls this Sempiing Point Within & Wedand? @m k
?)ma C ve chatun 15 co- dcmnmd’ M S . a- 1
Oc.umc, low <d.«r\d«. ote . wekh  dark tau\u oA a ha\rv‘u
(o\ee” S0 \c\\ are m\d‘ e = Theee, ara is &
wetland.

W.-'ﬂ

— -



DATA FORM '
ROUTINE WETLAND OETERMINATION
. (1987 COE Wetands Delineation Manual)

Projecy/Site: 'Qk;ﬁmr l;~_0ﬂd€'“ Date: 39[5 las

ApplicantOwner: __stinyc TREs | County: _ Buthin
Investigator: . Relds , B P L
Da Naormal Circumstances exist on the site? @ Jo | Community 1D:

Is the site significandy disturbed (Atypical Situation)?  Ves (Na) | Transect ID:

s the area a potental Problem Area? Yes @ Plot 10: Acea

] If needed. explain on roverse. 7

VEGETATION
Qominsnt Plant Sgeciey Strstum indicater omingnt Plant Scecies Seratum _ Indicator
1._Plakanus pecideatnlis — Toee  FACO- | o
2 _Mows  cubea, - A7) FAC 10.
3. EI'!M Plilm.l!ﬂ Ll_‘:h Eﬂ hz 11,
4, 12
S. 13.
s. 14,
? 18,
] 18,

Percent of Dominent Species that sre OBL, FACW or FAC
(excluding FAC-).

Remarks:

(007

— Recerded Data (Describe in Remarks): Waedeand Hydrolegy Indicators:
o Stream, Lake, or Tide Gouge Primery Indicators:
< Aerial Photographs e InUNdated
/ —_ Other atucated in Upper 12 inches
V_ No Recorded Oata Aveilsble Water Marks
Orift Unes
73‘6!\'0( Oegpasits
FReld Qbservetons: 2 Orsinage Patterns in Wedands
o Secondary indicators (2 or more required):
Qepth of Surfsce Water: 8n) Oxidized Reot Channeis in Upper 12 Inches
Z Water-Stained Leaves
Oepth to Free Water in Pit: Gn) - Local Sail Survey Data
-_ —_ FAC-Neutrsl Test
Depth to Samreted Soll: Y —_ Other (Explain in Remarks)
Remeks:  Ata C 15 Compried of 3 scparale sealk artas each locatd
in o small,  loewl- s‘«m?cd— dLFnas-'en - hppear to have -been ereatid bj .
[T A ﬂoo&w:) oc o Aveman  oxbow.

A



Mag Unit Narme . ‘
(Secies end Phassl: _N_&Q_Q_Si&.’ oam Orsinage Class: .~
Feid Qbservetions
Confirm Mapped Type? Yes No

Taxonomy (Subgrouni:

: Profite Qescrigtion; .

| Dopu: terRs Matrix Color Morde Calars Matde Texture, Cancretions,

| (nches)  Morizon Mungell Moist) = (Mynseil Moist) Abundancs/Contrasy  Structure, etc,

[0-12_ A/e  ow2sh  _Na NA Decomposel [eaus

‘ Hydrie Soil Indicstors:

— Histosol — Cancresane

. Histic Epipedon - Migh Organic Content in Surface Layer in Sandy Soils
- Suifidie Odor — Orgenic Streaking in Sendy Soils

— Aquic Maisture Regime - Usted on Loeal Hydric Soils Ust

— Reducing Conditions — Usted on Natonsl Hydric Sois List

i Gleyed ar Low-Chroma Colors — Other (Explain in Remarks) ’

Romerks: <l Consisted Pn’maf; of  dicompontd leaves ~ Uk a 'Pud-
Twis "Pux:t" Lajl—b w a\cemrm - 12" +hick.

WETLAND DETERMINATION

| Mydrophytic Vegetation Prevent?

| Wedand Hydrolegy Present?
Hydric Soils Present?

{Clrclel

ls this Sampling Point Within s Wedand? @ No

Muts ol 3 ontivia; ava € is 4 wetland.
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DATA FORM
_ ROUTINE WETLAND DETERMINATION -
(1987 COE Waedands Oslineation Manual} -

| Pro;octlS'te - Skiange gn&g“ _ '7 ' Datni“"io_/5[4§ i

Agpplicant/Owner: §g¢ T PaPs | County: _Butln,
Investigator: _ ¥X. » State: OM

Do Narmal Circumstances exist on the site? ‘ Community ID:

Is the site significandy disturbed (Atypical Situation)? Transect 10: 3
Is the area a potental Problem Area? Yes Plot 10: "AcaD” |

(If needed. explain on revee)

VEGETATION

Indicatar Ogminent Plant Scecies Stretum _ Indicator

Qominant Plant Soecies . Stratum

1. A&r nowie - oralige,  Nub FACW- | o,
Lnineus o _FAC | re.
3. So\. 55w Nerh FACU- ",

« Bopulia dultides  Mack  _FC | 1

s. Desmodinm <a 13.

_D%;mg__g%ivgsh\s wero NI 14,
7. 18.

S ‘ 16.

Percent of Dominant Species thet are OBL, FACW eor FAC
{excluding FAC.).

Remarks:
Mostiy  docubkadive plant species, ot area agpears b0 hawe han
man'i:‘l. + FhareCore ttum“;?cmkd i

HYDROLOGY

— Recorded Dats (Describe in Remaerks): Wedend Hydrolegy Indicators:

— Streem, Lake, o¢ Tide Gauge Primmery 3
e Aerial Phetographs inundated
/ . ~\ Saussted in Upper 12 inches
Z_ No Recorded Deta Available e Woter Morks
< Orift Lines
—_ Sediment Deoesits
Reld Qbservedons: — Drainege Petterns in Wedands

Secendery indicstors (2 or mere required):
Oxidized Root Channels in Upper 12 Inches

Depth of Surfece Water: fnd —
-_— - Weter-Stained Leaves
Oepth to Free Water in Pic : fn} — Local Soil Survey Dats
E— _ o FAC-Noutral Test
' Qepth to Sewrated Sei: . ______Cn.l = Other (Explain in Remarks)
M

Trandatid of . surlace - Saturaded Llsawhure. Recuves surfoce welin

run-oC-F ‘c"""‘ agjucent hillside « wakes onAS in His a~a )u&& e
Ay gMA ,mw.t wod to a dracndge.

1.9



SOILS

I Mag Unit Name ) ' o ’ :

| (Series end Phase): émﬂ ’P.+s T Digingge Clases T

; Fisid Observations

{ Texonomy (Subgroup): . Confirm Mapged Type? Yes No

: Profile Qeserigtion: ‘ .
Oepth Matrix Color Motte Colors © Mortds Texture, Concretions,

| finches) ~ Horizen (Myngelt Maist) = (Myngeil Moist) Abundancas/Contrast m clute, etg.
| NA _AlB _ Na MA AA Tl matria)

R Mydria Sodl Indicstors:

< Histasol — Concrations

- Mistc Epipedon Niqh Orgsnie Content in Surface Layer in Smdy Soils

— Suifidia Odor ) Onmsmdunhsmaﬂs - e
— Aquic Moisture Regime I.lstd on Local Hydric Seils List

o Reducing Conditions l.lad on Natonsl Hydric Soils Ust

—_ Gleyed or Low-Chroma Colors om« {Expisin in Remarks) , -

| Romarks: Soile havt ben drashodly alteed bj (and Bl achuities - o ceal
| oil Toofxu. i+ Sucface aons.sﬁcl fs'll_ - %m“b(, wnqdc., ete.

WETLAND DETERMINATION

] Hydrophytic Vegetation Present? Ne (Circle)
| Wedand Hydrology Present? Ne

| Hydric Soils Present? > Ne la this Sampling Point Within « Wedend?  (Yes) No
‘ Wil become .

RS s sl e dshuced, belive v i s ara will e

hdae seils iF Ul alow. basd om \)%d'a:hm and  surface walin

poHens M Awia  area,




e

ROUTINE.WETLAND DETERMINATION ST O, o ‘
(1987 COE chands Dcﬂnuuon Manuan C R R .
' N - ," ‘l""‘ -‘a“ o4 i - S . R ,

Qats: _10/5/45 "

| Projecrssic: _ém__mu

Applicant/Qwaner: 5; iAnsc PROs

County: 5,@4,}

Investigator: _

Is the area a potential Problem Area?
(1f needed. explain on reverse. 7

VEGETATION

o ity 10:
Do Normal Circumstances exist on the site? Na Commumtv.
Is the site significantdy disturbed (Atypical Situanon)? No | TransectID:

Seate: _OQH# -

es@ Plot IO: Ao € ‘

Dominant Pant Scecies T Seratum _ Indicator
..__ ' '

10.
1.
T R Hﬂks st gy B n B o L2 o h

IR B P R R S MUY I g

13._

Y T /7 © SO SRR & A 2

18,

{excluding FAC.).

Pmdﬂm:m“m@&!tﬂufm

um

g,\.“‘ B

HYDROLOGY

;Md Outa (Deseribe in Remarks):

e . o Stream, Laks, o¢ Tide Gouge
/ g Ot g
NoloeudodﬂmAvnido

_(z:o‘ht!m 12 inches
e Water Marks
o Orift Unes

Oomhd&nueo\mur
Depth to Free Weter in Pit:
Depth 19 Sonsated Seil:

7 aaa Otuinege Patterns in Wedands
Secandery indicatore (2 or more required):
wau, Oriddized lmmmdcmu”u 12 Inches
Wmsumd Lesves®

Sty Wﬁﬁ»“i‘*’g mxu_




SQILS -

M.puﬁ(“.ﬂ. : TtoTm o - o oo T o
(Series and Prasel: __Cyne| IS _____ Orsinage Class: .

Field Qbservetions
Confirm Msoped Type? Yes No

Taxcnomy {Subgroupl:

Profile Descrigtion: ' - .
1 Qepth Matrix Color Mortle Colare Motte Texture, Concretians,

| Gnohest Moriten  [Mumsel Meisn pdumsel Moign AbundenceConwerr  Strucmre, evc,
I NA B N NA A (L malerial

Hydrie Sail Indicstors:

- Histosol s Concretons
- Histic Epipedon — High Qrganic Content in Surface Layer in Sendy Soils
— Suifidie Cdor © o Orgenie Stresking in Sendy Soils
— Aquic Moisture Regime — Uisted on Local Hydric Soils Ust
Reducing Canditions _LUsted on Natonsi Hydric Soils List

— Gleyed or Low-Chroms Calers

—_ Othver (Expisin in Remarks)

 Aomecks: 50‘.\5 no“‘_ A‘)‘)lfcab‘l— Sz e + of a -po(mw lm(l»{{[l - wasth
evideat ot sucface (e, concreke, hees, metad | k),

WETLAND DETERMINATION

Hydrophytic Vegetation Present? Ne (Circle) {Citcle)

Wedand Hydrology Present? Ne

Hydric Soils Present? Ne Is this Sampiing Point Within @ Wedasnd? @ No
e ‘nte Tre b .

Romarke:
Aca has bun zhs“urb(t‘ (andf\“ a.c)\nl-\es— Sils  have

‘oot n Mshu a,L'b,ch +1( 49‘\4(, low SP‘A -
no a\)?awf\’\ :?:H.d for Sur&u wdh un- o‘af
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Photo 1:

SITE PHOTOGRAPHS

The

eastern half of the northwestern portion of the former landfill area, looking north.

SKINNER PRPS
SKINNER LANDFTLL
WEST CHESTER, BUTLER COUNTY, OEIO
PROJECT NO. 72680.800
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Photo 2: The western half of the northwestern portion of the former landfill area,
SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
SITE PHOTOGRAPHS PROJRECT NO. 72680.800

looking north.
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Photo 3:

SITE PHOTOGRAPHS

Looking east at wetland area "A".

SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY,
PROJECT NO. 72680.800

OHIO
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Photo 4:

Looking west from the fenceline at wetland area “B”.

Photo 5: Soil profile from wetland area “B”.
SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
SITE PHOTOGRAPHS PROJECT NO. 72680.800

FNVIRONMENT &
INFRAMERUCTUTG



Photo 6:

Photo 7:

Wetland area

Wetlarnd ares

SITE PHOTOGRAPHS

“C” (points C-5 through C-8).

“C* t(peinte C-9 thrcuor T 10

SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY,
PROJECT NO. 72680 80C

OHIO

RUST



Photo 8: Looking south at wetland area “D”.

Photo 9: Lockirg north from point “E-1" &t ws:!.ara area “E”.

SKINNER PRFPS
SKINNER LANDFILL
WEST CHESTER, BUTLEF COUNTY, OHIO

SITE PHOTOGRAPHS PROJECT NO. 72¢B) .80O

3
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Photo 10: Looking south at wetland area “E”.

Photo 11: The eastern portion of wetland area “E”.

SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY,
SITE PHOTOGRAPEHS PROJECT NO. 72680.800

OHIO

ENVIRONMINT &
INFRASTRUCTUR



Photo 12: The northwestern corner of wetland area “E*.
SKINNER PRPS
SKINNER LANDFILL
WEST CHESTER, BUTLER COUNTY, OHIO
SITE PHOTOGRAPHS PROJECT NO. 72680.800

ENVIRONMENT o
INFRASTRUCTURS
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SKINNER LANDFILL
REMEDIAL DESIGN
FINAL DESIGN (100%) PHASE I REPORT

VOLUME II OF 1V, PART 2

THE FOLLOWING MAPS MAY BE VIEWED AT THE U.S. EPA RECORD CENTER,
77 WEST JACKSON BLVD.,, 7" FLOOR, CHICAGO, ILLINOIS

1)
2)
3)
4)
5)
6)
- 7
8)
9
10)
11)
12)
13)
14)

LANDFILL COVER DESIGN

SITE CONSTRUCTION USE PLAN
CONSTRUCTION EROSION CONTROL PLAN
CONTAMINATED SOIL EXCAVATION PLAN
SUBBASE GRADES (SITE PREPARATION)

FINAL GRADES (TOP OF CAP GRADES)

POST CONSTRUCTION SURFACE WATER CONTROL
GAS MANAGEMENT PLAN (VENTS AND PROBES)
ON-SITE BORROW AREA GRADING PLANS
GROUNDWATER INTERCEPTOR DESIGN - 1
GROUNDWATER INTERCEPTOR DESIGN - 2
DETAILS - 1

DETAILS - 2

DETAILS - 3



